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Conversion  Factors,  Non-SI  to 
SI  Units  of  Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  units 
as  follows: 


Multiply 

By 

To  Obtain 

cubic  yards 

0.7645549 

cubic  meters 

feet 

0.3048 

meters 

inches 

2.54 

centimeters 

tons  (2,000  pounds,  mass) 

907.1847 

kilograms 

Summary 


Solid  residuals  from  centralized  vehicle  wash  facilities  (CVWF)  present  a 
management  problem  in  materials  handling  and  disposal.  The  high  percentage 
of  fine  particles  in  the  solid  residuals  and  the  length  of  time  required  to 
dewater  these  sediments  complicate  sedimentation  basin  maintenance.  The 
presence  of  contaminants  in  some  of  these  sediments,  including  heavy  metals, 
petroleum  hydrocarbons,  oil  and  grease,  and  ordnance,  imposes  testing,  treat¬ 
ment  and  disposal  requirements.  Solid-residuals  management  has  not  been 
adequately  addressed  to  date,  and  operational  practices  vary  significantly 
among  facilities.  Differences  among  facilities  exist  in  degree  of  contamination 
present  and  the  management  problems  presented. 

Site  visits  were  made  to  CVWF  locations  to  determine  operational  para¬ 
meters  and  gather  field  data.  A  general  description  of  current  operational 
practices  and  problems  is  contained  in  this  document.  The  focus  of  the  study, 
however,  is  limited  to  evaluation  of  effective  management  alternatives  for 
solid  residuals  and  peripheral  treatment  of  those  elements  of  facility  operations 
that  impact  solids  management.  A  literature  survey  of  dewatering  and  treat¬ 
ment  technologies  was  conducted  to  facilitate  the  development  of  solid- 
residuals  management  guidelines.  These  efforts  addressed  the  following  thrust 
areas: 

a.  Regulatory  requirements. 

b.  Dewatering  technologies. 

c.  Treatment  and  disposal  alternatives. 

d.  Operational  recommendations. 

e.  Design  modifications. 

/.  Technology  evaluation. 

Regulatory  requirements  vary  from  State  to  State  and  impose  differing  test¬ 
ing,  sampling,  treatment,  and  disposal  requirements  for  solid  residuals.  Regu¬ 
latory  requirements  pertaining  to  contaminated  sediments  were  reviewed  for 


applicability  to  CVWF  solid  residuals,  and  a  brief  discussion  is  contained  in 
this  document. 

Several  suitable  dewatering  technologies  exist  that  could  be  utilized  with 
CVWF  sediments.  The  principal  decision  to  be  made  is  whether  to  dewater 
within  the  sedimentation  basins,  which  is  the  current  practice,  or  to  remove 
the  wet  sediments  by  pumping  and  dewater  outside  of  the  basins.  A  pro¬ 
gressive  field  evaluation  of  dewatering  enhancements  is  recommended  to 
determine  the  most  effective  and  economic  approach.  The  first  three  recom¬ 
mendations  are  directed  at  improving  in-basin  dewatering  using  easily 
implemented,  low-cost  approaches.  The  last  recommendation,  removal  and 
out-of-basin  dewatering,  would  be  implemented  if  none  of  the  first  three  alter¬ 
natives  achieved  satisfactory  results.  These  recommendations  are  as  follows: 

a.  Improve  surface  drainage  for  removal  of  maximum  surface  water. 

b.  Clean  primary  sedimentation  basins  more  frequently  so  that  sediment 
depth  is  reduced,  thereby  reducing  the  drainage  path. 

c.  Employ  a  permeable  underdrainage  layer  of  sand,  gravel,  or  permeable 
fabric;  this  may  be  coupled  with  vertical  drainage  devices. 

d.  Remove  the  sludge  with  sludge  pumps,  and  dewater  outside  of  the 
basin. 

Treatment  and  disposal  requirements  must  be  evaluated  on  a  case-by-case 
basis.  Regulatory  requirements  will  dictate  the  necessary  analyses,  and  results 
of  these  analyses  will  determine  subsequent  action.  Waste  stabilization,  con¬ 
taminant  treatment,  disposal,  and  beneficial-use  alternatives  should  be  evalu¬ 
ated  for  regulatory,  technical,  and  economic  acceptability  in  each  case. 

It  is  further  recommended  that  operational  procedures  be  standardized  to 
establish  routine  evaluation  of  sediments  consistent  with  regulatory  require¬ 
ments  and  to  provide  for  regular  maintenance  and  cleaning  of  sedimentation 
basins.  All  systems  should  be  maintained  in  working  order.  Provision  for 
disposal  of  waste  oil  at  the  wash  racks  is  needed  to  prevent  illicit  disposal  in 
the  wash  water  and  subsequent  contamination  of  sedimentation-basin  sedi¬ 
ments.  Design  modifications  to  the  sedimentation  basins  should  be  considered 
where  performance  could  be  significantly  improved  with  simple  modifications, 
such  as  the  addition  of  distribution  headers  and  adjustable  weirs. 

Evaluation  of  selected  technologies  on  bench,  pilot  or  field  scale  is  recom¬ 
mended  as  necessary  on  a  site-by-site  basis. 


1  Introduction 


Background 

The  U.S.  Army  Engineer  Waterways  Experiment  Station,  Environmental 
Laboratory  (WES-EL)  was  asked  to  conduct  a  joint  literature  survey  with  the 
U.S.  Army  Construction  Engineering  Research  Laboratories  (CERL)  in  a 
review  of  scientific  literature  regarding  available  technologies  for  the  manage¬ 
ment  and  treatment  of  residuals  from  centralized  vehicle  wash  facilities 
(CVWFs). 


Objective 

The  objective  of  this  effort  was  to  conduct  a  review  of  relevant  scientific 
and  engineering  literature  associated  with  the  testing,  handling,  treatment,  and 
disposal  of  solid  residues  similar  to  CVWF  residuals,  and  the  development  of 
recommendations  for  the  management  of  CVWF  residuals. 


History  of  CVWF 

A  keystone  to  army  vehicle  maintenance  and  unit  discipline  rests  upon  the 
idea  that  soldiers,  operators  of  army  equipment,  have  an  absolute  responsibil¬ 
ity  to  keep  the  equipment  clean  and  in  top  operational  readiness.  Historically, 
each  battalion-size  unit  has  a  unit  wash  facility  or  “wash  rack”  where  vehicles 
returning  from  the  field-training  environment  are  cleaned  prior  to  placement  at 
the  unit  motor  pool.  In  the  late  1970s,  army  planners  recognized  the  need  to 
improve  the  efficiency  of  traditional  vehicle-wash  procedures  by  the  construc¬ 
tion  of  centralized  vehicle  wash  facilities  (CVWFs).  At  these  points,  large 
numbers  of  vehicles  could  be  moved  and  cleaned  by  the  use  of  water  cannons, 
high-pressure  hoses,  and  partial  vehicle  immersion.  Additionally,  by  moving 
primary  vehicle  cleaning  from  the  traditional  wash  rack  to  the  CVWF,  the 
treatment  processes  could  be  better  controlled  and  monitored. 
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Operational  Procedures 


The  process  for  vehicles  in  the  CVWF  consists,  in  general,  of  vehicle 
queuing,  preparation,  prewash,  wash,  and  exit.  The  CVWF  is  designed  with 
traffic  flow  as  a  major  concern.  Vehicles  enter  the  facility  from  one  point, 
move  through  the  various  cleaning  processes  in  sequence,  and  depart. 

From  the  users  perspective,  operations  within  the  CVWF  unfold  in  the 
following  manner.  After  field  training  operations,  units  approach  the  canton¬ 
ment  area  along  various  unpaved  roads  called  tank  trails.  By  design,  CVWFs 
are  constructed  adjacent  to  a  major  tank  trail  entering  the  cantonment  area. 
Arriving  in  march  column,  units  enter  the  facility  and  begin  the  wash  process 
prior  to  entering  the  main  post.  Lead  vehicles  are  usually  met  by  a  wash 
facility  attendant,  who  informs  unit  personnel  of  the  stams  of  the  CVWF  and 
current  procedures.  If  all  is  ready,  the  lead  vehicles  are  guided  into  position 
in  the  preparation  area  for  the  initial  cleaning.  This  cleaning  consists  of  a 
rinse  by  a  high-pressure  hose  to  remove  gross  outside  dirt  from  between 
wheels,  axles,  road  wheels,  and  track  blocks.  From  the  preparation  area,  the 
vehicle  and  ground  crew  guide  the  vehicle  to  the  prewash.  Design  standards 
(Department  of  the  Army  1992)  require  one  of  two  types  of  prewash  systems: 
bath  prewash  or  wash  stand  prewash.  The  bath  prewash  is  preferred  and 
consists  of  a  water-filled  basin  through  which  the  vehicle  is  driven.  Cleaning 
in  the  prewash  is  accomplished  by  the  combined  force  of  wave  action  and 
relative  water  movement  from  the  vehicle  in  the  bath,  scouring  from  water 
cannons,  and  flexors  mounted  on  the  bottom  of  the  basin  (see  Figure  1).  The 
flexors  work  the  submerged  vehicle  suspension  system  and  force  material  into 
the  bath  water.  Vehicles  departing  the  bath  prewash  are  guided  into  the  wash 
stations  where  detailed  washing  takes  place.  Trash  cans  may  also  be  provided 
to  allow  the  users  to  deposit  paper  products,  etc.,  found  during  the  cleaning 
process.  The  vehicle  then  exits  the  centralized  wash  facility  and  moves  into 
an  assembly  area  or  returns  by  itself  to  the  unit  maintenance  area. 


Residuals  Management 


The  residue  deposited  by  the  vehicles  takes  a  different  route.  Whether 
deposited  during  the  preparation,  prewash,  or  wash  phase,  all  contaminated 
water  from  the  vehicle  cleaning  process  enters  the  CVWF  wastewater  treat¬ 
ment  process.  While  the  actual  configurations  are  site  specific,  some  general¬ 
izations  may  be  made.  First,  CVWF  wastewater  treatment  systems  have  been 
designed  to  be  operationally  robust  and,  to  the  extent  possible,  reduce  over  all 
facility  water  utilization  requirements  by  system  water  recycle.  Second,  sys¬ 
tem  unit  operations  may  generally  be  divided  into  primary  and  secondary 
treatment  strategies. 

Primary  treatment  systems  have  two  goals.  One  is  the  reduction  of  the 
concentration  of  suspended  solids  in  the  waste  stream.  The  second  is  the 
removal  of  free  oils  and  greases.  To  accomplish  this  dual  role,  a  gravity-fed 
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Figure  1 .  Tracked  vehicle  entering  bath  prewash.  Fort  Hood,  Texas 

sedimentation  basin  is  normally  constructed  below  the  CVWF.  This  basin 
may  be  of  either  dual-  or  single-cell  construction.  If  the  single-cell  construc¬ 
tion  is  selected,  CVWF  operations  must  cease  during  the  time  that  captured 
sediments  are  removed  from  the  basin;  if  a  dual  cell  system  is  selected,  opera¬ 
tion  may  continue  with  one  cell  in  operation  while  the  second  is  being  cleaned 
(see  Figure  2).  The  design  time  between  sediment  removal  operations  is 
1  year  (Department  of  the  Army  1992).  Oils  and  grease  are  normally  col¬ 
lected  by  mechanical  surface  skimming,  while  baffles  are  maintained  near  the 
effluent  weir  to  reduce  carryover  in  the  system  discharge.  Recovered  oil  is 
directed  into  either  an  above-  or  below-surface  storage  tank.  All  tankage  and 
oil  disposal  must  meet  local.  State,  and  Federal  environmental  regulations. 

Cleaning  of  the  primary  treatment  system  normally  entails  the  following 
steps.  First,  the  CVWF  influent  is  cut  off,  and  the  sedimentation  basin  is 
allowed  a  quiescent  period  during  which  particle  settling  occurs.  Second, 
water  is  drained  from  the  basin  “to  the  maximum  extent  possible”  (Depart¬ 
ment  of  the  Army  1992).  Third,  the  sediments  are  physically  removed  from 
the  settling  basin  by  front-end  loaders  and  dump  trucks,  which  have  access  to 
the  basin  via  concrete  ramps.  The  material  is  then  hauled  away  for  disposal 
under  the  applicable  local,  state,  and  Federal  regulations.  Wastewater  and  the 
materials  remaining  in  the  wastewater  stream  enter  the  secondary  treatment 
system. 
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Figure  2.  Primary  sedimentation  basin,  Fort  Hood,  Texas 


The  objective  of  the  secondary  treatment  system  is  to  polish  the  primary 
system  effluent  to  the  degree  necessary  for  process  water  recycle.  The  two 
secondary  treatment  schemes  are  intermittent  sand  filtration  and  treatment 
lagoons. 


The  sand  filtration  scheme  involves  the  construction  of  an  equalization 
basin  and  a  sand  filter  field.  The  equalization  basin  dampens  flow  changes 
from  the  primary  system.  The  sand  filter  field  consists  of  a  wastewater  distri¬ 
bution  system  situated  above  a  sand/gravel  bed  together  mounted  above  a 
subsurface  water  collection  system.  Wastewater  is  distributed  at  the  sand/ 
gravel  bed  surface,  collected  after  filtration  through  the  sand  bed,  and 
deposited  in  a  make-up  water  supply  basin  for  reuse  in  the  CVWF.  Treatment 
lagoons  are  not  the  recommended  standard  and  currently  require  permission 
by  Headquarters,  U.S.  Army  Corps  of  Engineers,  for  construction.  However, 
they  are  currently  seen  in  operation  at  various  installations.  Generally,  a 
lagoon  system  will  consist  of  an  equalization  basin  or  lagoon  followed  by  a 
polishing  lagoon.  The  polishing  lagoon  is  generally  designed  for  the  mini¬ 
mum  of  a  14-day  retention  time.  Further  deposition  of  sediments  from  vehi¬ 
cle  wash  operations  is  expected  within  the  lagoon  system,  and  design  life 
requirements  include  this  storage  capacity.  Water  from  the  treatment  lagoons 
enters  the  make-up  water  supply  basin  for  reuse  in  the  CVWF. 


Additionally,  water  from  the  primary  treatment  system  may  be  directly 
discharged  into  the  sanitary  sewer  or  surface  drainage  channel.  However, 
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these  options  are  generally  considered  unlikely  due  to  either  municipal  waste- 
water  treatment  mass  loading  constraints  or  National  Pollutant  Discharge 
Elimination  System  (NPDES)  permitting  requirements.  Also,  discharging  to  a 
wastewater  treatment  system  outside  the  CVWF  eliminates  recycle  as  an 
option. 


Operational  Problems 

Operational  problems  associated  with  the  wastewater  primary  and  second¬ 
ary  treatment  systems  are  the  focus  of  this  discussion.  These  problems  were 
observed  at  Fort  Hood,  Texas,  and/or  Fort  Polk,  Louisiana,  during  recent 
inspections.  Operational  problems  associated  with  the  user  interface  with  the 
CVWF  cleaning  process  are  beyond  the  scope  of  this  review. 


Problem  1  (Fort  Hood) 

Statement.  The  CVWF  primary  treatment  system  appeared  to  be  inade¬ 
quate  for  the  solids  loading  witnessed  by  the  system. 

Discussion.  CVWF  solids  loading  rates  appeared  to  be  higher  than  the 
1-year  design  life  between  cleaning.  Operators  at  Fort  Hood  indicated  that 
each  settling  basin  required  clean  out  two  to  three  times  a  year  and  that  each 
cleaning  generated  approximately  500  cu  yd*  of  material.  Additionally,  the 
sediment  loads  were  high  enough  that  sediment  deposits  were  actually  break¬ 
ing  the  surface  of  the  primary  sedimentation  basin  (see  Figure  3).  The  result 
was  a  far  higher  apparent  surface-loading  rate  in  the  settling  basin  than  the 
original  design.  As  a  result,  higher  amounts  of  suspended  solids  carried  over 
into  the  secondary  treatment  system. 


Problem  2  (Fort  Hood) 

Statement.  CVWF  primary  treatment  systems  require  improved  sediment 
dewatering  techniques. 

Discussion.  Observers  from  WES  and  CERL  found  that  dewatering  of 
sediments  at  Fort  Hood  was  dependent  primarily  on  evaporation.  After  a 
quiescent  period,  a  dear-water  layer  was  decanted  into  the  effluent  trough 
using  a  sluice  gate.  Decantation  brought  the  water  level  down  to  approxi¬ 
mately  6  ft.  From  that  point  on,  evaporation  was  used  to  remove  the  moisture 
from  the  approximately  500  cu  yd  of  sediment  remaining  in  the  basin.  A 
sediment  dewatering  drain  was  available;  however,  an  operator  indicated  that 
attempts  to  operate  the  drain  lead  to  a  complete  discharge  of  sediment  into  the 


‘  A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  units  is  presented  on 
page  vii. 
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Figure  3.  Sediment  overload  and  short  circuiting,  primary  sedimentation  basin,  Fort  Hood, 
Texas 


pump  sumps  and  subsequent  clogging  of  the  pumps.  As  a  result,  operators 
removed  the  sediments  after  evaporation  had  removed  enough  water  to  allow 
the  sediment  some  structural  stability.  The  sediment  was  then  front-end 
loaded  into  dump  trucks,  with  a  significant  loss  of  material  back  into  the  basin 
during  loading  (see  Figure  4). 

A  second  CVWF  with  a  single  basin  design  had  no  bottom  drains  or  sluice 
gates.  As  a  result,  essentially  all  the  water  had  to  be  pumped  to  the  degree 
possible  and  then  evaporated  as  a  method  of  solids  dewatering  before  physical 
removal. 

The  major  impacts  in  both  cases  were  increased  down  time  and  reduced 
efficiency. 


Problem  3  (Fort  Hood) 

Statement.  Short  circuiting  of  the  silts  and  clays  through  the  equalization 
basin  of  the  secondary  treatment  system  occurred. 

Discussion.  The  equalization  basin  of  the  secondary  treatment  system  had 
the  influent  and  effluent  points  in  essentially  the  same  one-third  of  the  basin. 
As  a  result,  the  sediment  was  deposited  in  only  one-third  of  the  sedimentation 
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Figure  4.  Fine  solid  residuals,  primary  sedimentation  basin,  Fort  Hood,  Texas 

basin  instead  of  equally  distributed  over  the  basin  floor  (see  Figure  5).  Also, 
higher  than  design  suspended  solids  concentration  was  probably  entering  the 
primary  sedimentation  basin.  Additionally,  the  overall  system  retention  time 
was  reduced. 


Problem  4  (Fort  Hood  and  Fort  Polk) 

Statement.  Sedimentation  basin  cleaning  must  be  addressed. 

Discussion.  Sedimentation  basins  must  be  cleaned  as  they  near  the  end  of 
their  design  life  due  to  sediment  accumulation.  If  deposition  rates  are  higher 
than  anticipated,  design  life  may  be  reduced.  Investigating  available  options  is 
important  to  extend  the  life  of  the  sedimentation  basins  and/or  lower  cleaning 
costs.  Options  may  include  complete  removal  and  disposal  of  the  basin  liner 
and  replacement  of  the  liner,  or  dredging  of  the  basins  using  nonintrusive 
techniques  that  will  reduce  the  chance  of  puncturing  the  liner  (see  Figure  6). 


Problem  5  (Fort  Hood  and  Fort  Polk) 

Statement.  Appropriate  sampling  methods  must  be  employed  in  determin¬ 
ing  ultimate  sediment  disposal  requirements. 
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Discussion.  Ultimate  disposal  of  the  sediments  must  be  based  primarily  on 
analysis  of  the  sludge  material  from  the  basin  or  lagoon  in  question  and  appli¬ 
cable  environmental  regulations.  Installation  environmental  coordinators  must 
also  understand  the  importance  of  adequate  sampling  methods  so  that  regula¬ 
tors  will  approve  of  the  method  of  disposal  proposed.  A  CVWF  residual 
treatment  scheme  in  one  State  may  be  quite  different  from  a  CVWF  residual 
treatment  scheme  in  another  State,  both  in  cost  and  procedure,  because  of  the 
local  regulatory  requirements.  Federal  regulations  are  the  baseline  for  State 
regulations;  however,  many  States  impose  more  stringent  requirements. 
Consequently,  residue  disposal  will  remain  a  site  specific  issue. 
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2  Technologies 


Regulatory  Requirements 


Review  of  Federal  and  State  regulations  regarding  handling  and  disposal  of 
contaminated  residuals  will  be  necessary  for  each  individual  CVWF  location. 
A  review  of  the  regulatory  framework  for  dredged  material  was  conducted 
because  there  are  some  similarities  between  dredged  material  and  CVWF  solid 
residuals.  However,  solids  removed  from  CVWFs  are  not  defined  as  dredged 
material,  thus  these  regulations  would  not  in  general  apply  (USACE/USEPA) 
(1992).  The  major  exception  would  be  the  case  of  materials  removed  from 
the  settling  or  dewatering  basins  and  proposed  for  disposal  as  fill  in  waters  of 
the  United  States,  including  wetlands. 

Chapter  6  of  Army  Regulation  200-1  addresses  solid  waste  and  hazardous 
waste  management  at  Army  installations  and  requires  installations  and  tenants 
to  be  aware  of  and  comply  with  all  applicable  Federal,  State,  and  local  laws 
and  regulations.  Controlled  management  and  waste  minimization  are  identi¬ 
fied  as  necessary  objectives  of  Army  solid  and  hazardous  management 
programs. 


Testing 

Testing  requirements  are  dictated  by  State  and  Federal  regulations  and  can 
be  determined  by  a  review  of  regulations  and  contact  with  individual  State  and 
Federal  agencies.  The  USEPA  publication  Test  Methods  for  Evaluating  Solid 
Waste:  Physical/Chemical  Methods  (SW-846)  addresses  representative  sam¬ 
pling  and  other  testing  requirements  (USEPA  1986).  This  publication  is  cur¬ 
rently  in  the  third  edition  and  is  updated  periodically.  It  is  available  from  the 
Government  Printing  Office,  NTIS  (National  Technology  Information  Service) 
and  other  publication  service  agencies.  Sediments  should  be  fiilly  character¬ 
ized  to  determine  physical  and  chemical  characteristics  that  will  determine 
appropriate  handling,  treatment,  and  disposal  alternatives. 
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Sampling 


Sediment  sampling  requirements  will  be  driven  by  regulatory  requirements 
for  testing  prior  to  disposal.  Sampling  for  characterization  and  chemical 
analysis  will  typically  require  small-sample  volumes.  These  samples  must  be 
representative  of  the  overall  sediment  and  must  be  handled  and  preserved  in 
keeping  with  testing  requirements.  CFR  40  guidance  on  representative  sam¬ 
pling  can  be  found  in  Chapter  9  of  SW-846  (USEPA  1986).  Sampling  for 
testing  of  treatment  systems  will  require  more  material,  the  amount  being 
dependent  upon  the  type  and  scale  of  equipment  being  tested. 

Materials  in  the  settling  basins  or  dewatering  basins  will  be  similar  to 
dredged  sediments  in  confined  disposal  facilities  (CDFs),  with  high  water 
contents,  possibly  above  the  liquid  limit  of  the  material.  The  material  in  the 
settling  basins  may  be  nonhomogeneous  due  to  a  layering  effect  resulting  from 
washing  operations  of  differing  vehicle  types  or  after  operation  in  different 
soils;  it  is  typically  distributed  nonhomogeneously  along  the  length  of  the 
basin.  The  sampling  design  should,  therefore,  consider  the  need  to  acquire  a 
representative  composite  of  the  total  volume  of  material  to  be  disposed. 

Because  the  material  in  the  basins  may  be  composed  of  layers  with  differ¬ 
ing  characteristics,  sampling  from  the  full  thickness  of  material  will  be 
required.  Surface  samples  will  not  be  adequate.  Since  the  thickness  of  the 
materials  in  the  basins  will  only  be  a  few  feet,  a  push  tube  sample  will  likely 
be  adequate  in  most  cases.  There  are  several  types  used  in  soil  and  sediment 
sampling.  Two  examples  are  described  below: 


Wildco  hand  corer 

The  Wildco  hand  corer  is  a  hand-driven  corer  with  a  metal  shaft  and  semi- 
conical  tip  and  seal  (flutter  valve)  for  sample  retention.  Eggshell  inserts  are 
available  that  minimize  sample  loss  as  the  corer  is  retrieved.  Clear  acrylic 
liner  tubes  are  also  available.  The  Wildco  corer  was  designed  for  sampling 
sediments  in  shallow  water.  Fluid  sediments  may  be  easily  displaced  by  the 
corer,  making  sample  collection  difficult.  Hard,  compacted  sediments  may  be 
difficult  to  penetrate  with  the  sampler.  The  standard  shaft  is  roughly  3  in.  in 
diameter  and  24  in.  long.  The  sampler  can  be  modified  with  longer  shafts 
and  plastic  tips. 


Lexan  tube  samplers 

Lexan  tube  samplers  operate  on  the  same  principle  as  Wildco  hand  corers. 
The  tubes  are  made  of  Lexan,  which  requires  a  protective  tip  or  sleeve  while 
the  tube  is  being  driven  into  the  sediment.  The  tubes  are  driven  by  hand  until 
refusal.  They  are  then  driven  several  inches  more  with  a  driver  to  plug  the 
end  and  prevent  sample  loss  on  retrieval.  A  vacuum  can  be  connected  to  the 
top  of  the  sampler.  The  tube  is  capped  while  still  submerged. 
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Samples  obtained  with  tube  samplers  will  be  extruded  and  stored  as 
required  to  preserve  the  contaminants  of  interest.  Sectioning  can  be  facilitated 
by  freezing  if  this  is  not  contradictory  to  other  requirements.  Chain-of- 
custody  procedures  will  be  followed. 

A  sampling  plan  should  be  developed  to  ensure  that  a  sufficient  number  of 
samples  are  obtained  to  adequately  characterize  the  sediment.  Factors  to  be 
considered  include  the  following  (adapted  from  Mudroch  and  MacKnight 
1991): 


a.  Purpose  of  sampling. 

b.  Study  objectives. 

c.  Available  data. 

d.  Physical  site  constraints. 

e.  Volume  or  area  to  be  sampled. 

/.  Available  funds. 

The  purpose  of  sampling  CVWF  sediments  is  to  characterize  and  analyze 
the  sediments.  Objectives  of  a  thorough  characterization  include  determining 
contaminant  distribution  and  evaluating  appropriate  materials  handling  and 
treatment  technologies  for  the  particle  distribution  present.  Certain  grain  sizes 
are  most  suited  to  bioassays  (Mudroch  and  MacKnight  1991). 

Determination  of  contaminant  distribution  requires  samples  of  all  particle 
sizes  present.  Data  available  on  contaminant  distributions  within  CVWF 
sedimentation  basins  indicate  that  full  depth  samples  will  be  required,  distri¬ 
buted  over  the  width  and  length  of  the  basins  because  of  irregularities  in  con¬ 
taminant  distributions  observed  in  previous  analysis. 

Physical  limitations  pertaining  to  sediment  sampling  may  include  the  highly 
fluid  nature  of  the  fine  sediments  contained  within  the  basins,  which  may 
make  both  sample  retrieval  and  access  difficult.  Samples  may  have  to  be 
obtained  before  all  the  surface  water  is  drained  off,  while  a  small  boat  or  plat¬ 
form  could  still  be  floated  to  obtain  access  to  interior  areas  of  the  basins.  The 
area  to  be  sampled  is  not  extremely  large,  and  typically  the  sediments  are 
deposited  in  predictable  patterns.  Typical  sediment  contaminant  distributions 
can  be  used  to  determine  an  appropriate  sampling  grid. 

The  number  of  samples  to  be  analyzed  will  be  determined  by  available 
funds  and  the  expected  course  of  action  should  contaminants  be  found.  The 
most  economic  approach  is  to  initially  analyze  only  those  samples  that  are 
most  likely  to  be  contaminated  (typically  the  fines)  if  the  presence  of  any 
contamination  would  initiate  a  specified  response  (e.g.,  disposal  in  a  toxic 
waste  landfill  or  solidification  and  landfilling)  for  all  sediment  in  the  basin. 
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More  extensive  analysis  may  be  justified  if  treatment  or  beneficial  uses  are  to 
be  considered  for  some  or  all  of  the  sediment  and  a  more  thorough  character¬ 
ization  is  necessary. 


Physical/Chemical  Treatments 

A  review  of  treatment  and  disposal  methods  for  contaminated  and  uncon- 
taminafed  soils  and  sediments  was  taken  from  the  available  literature.  There 
is  considerable  expertise  available  on  standard  management  practices  in 
handling  and  dewatering  of  dredged  material.  Also,  extensive  research  has 
been  completed  or  is  ongoing  in  the  treatment  of  contaminated  soils  and  sedi¬ 
ments.  Limited  performance  data  are  available  concerning  treatment  of  con¬ 
taminated  dredged  material.  Some  treatment  technologies  developed  for 
contaminated  soils  may  be  applicable  to  contaminated  dredged  material.  A 
recent  cooperative  effort  between  WES,  USAGE  Districts,  and  the  USEPA 
evaluated  some  of  these  technologies  and  treatment/management  selection 
strategies  (Averett  et  al.  1990).  This  guidance  document  was  reviewed  for 
applicability  to  CVWF  solids  management.  Also,  a  review  of  the  literature 
and  analysis  of  field  data  indicates  that  there  are  two  possible  approaches  to 
CVWF  solids  management: 

Approach  1 :  Dewatering  of  sediment  within  the  CVWF  settling  basin, 
followed  by  treatment  and  disposal  after  the  sediment  is 
removed  from  the  basin. 

Approach  2:  Removal  of  slurried  material  from  the  basin,  followed  by 
dewatering,  treatment,  and  disposal  technologies. 

Treatment  and  disposal  are  determined  by  the  physical  characteristics  of  the 
contaminated  materials,  the  nature  and  concentration  of  contaminants  present, 
and  technical,  budgetary,  and  regulatory  constraints.  The  same  treatment  and 
disposal  technologies  should  be  applicable  to  CVWF  solids  (whether  sediments 
are  dewatered  before  or  after  being  removed  from  the  basin)  unless  significant 
differences  in  the  contaminants  and  material  characteristics  result  from  differ¬ 
ent  dewatering  or  handling  techniques. 

Other  treatment  considerations  are  apparent  from  the  literature.  Coarse 
and  fine  fractions  of  contaminated  sediment  is  considered  desirable  because 
contaminants  tend  to  associate  with  the  fine-particle  fraction  of  a  sediment.  In 
theory,  the  coarse  fraction  can  usually  be  disposed  without  treatment,  while 
fine  sediments  can  require  further  treatment  before  disposal.  In  practice, 
perfect  separation  of  coarse/fine  fractions  and  clean/dirty  fractions  does  not 
occur.  Particle-size  analysis  and  chemical  analysis  of  samples  from  primary 
sedimentation  basins  at  Aberdeen  Proving  Ground,  Fort  Campbell,  Fort 
Carson,  Fort  Hood,  Fort  Stewart,  and  Fort  Bragg  demonstrate  some  incon¬ 
sistencies.  In  some  cases,  fine  particles  were  deposited  near  the  influent  end 
of  the  basin  where  primarily  coarse-particle  deposits  were  expected.  Although 
some  differences  in  contaminant  concentrations  could  be  measured  from 
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influent  to  effluent  end  of  the  basins  (and  coarse-to-fine  sediment  distribution), 
there  was  no  clear  indication  that  adequate  separation  of  particle  sizes  was 
occurring  within  the  basins  to  support  the  “coarse  is  clean”  assumption. 
Representative  sampling  and  testing  of  all  sediments  removed  from  the  basins 
may  be  necessary  to  determine  ultimate  treatment  and  disposal  requirements. 

Analysis  of  the  field  data  supplied  by  CERL,  indicates  that  particle  distri¬ 
bution  in  the  CVWF  primary  sedimentation  basins  ranges  from  roughly 
0.1  fim  to  6.5  mm.  Samples  excluding  the  coarse  fraction  (away  from  the 
influent  end  of  the  basin)  range  from  0. 1  to  300  fim,  with  consistently  greater 
than  90  percent  passing  the  200  sieve  (75  /xm).  One  hydrometer  analysis 
indicated  70  to  80  percent  smaller  than  36  ^m.  Colloids  are  defined  as  parti¬ 
cles  less  than  0.01  to  10  /xm  in  size.  In  several  cases,  10  percent  was  smaller 
than  0.1  to  0.3  /xm;  in  one  case,  30  percent  was  colloidal. 

The  solids  content  by  weight  of  fine  CVWF  sludge  following  decantation 
and  a  period  of  surface  evaporation  is  estimated  to  be  approximately  30  to 
40  percent. 

From  analysis  of  the  field  data  it  can  be  seen  that  liquid/solid  separation, 
solid/solid  separation  (classification),  and  sediment  contaminant  treatment 
technologies  are  of  principal  interest  to  this  effort. 


Dewatering 

Dewatering  is  the  common  term  for  liquid/solid  separation  directed  at  pro¬ 
ducing  a  dry  solid  residual.  The  types  of  water  associated  with  solid  particles 
include  the  following:  bulk  or  free  water,  micropore  water,  colloidally  bound 
water,  and  chemisorbed  water.  Bulk  water,  which  is  intermingled  with  the 
solids  but  not  bound  to  them,  can  be  removed  by  conventional  mechanical 
dewatering  processes.  Micropore  water  is  located  in  pores  and  capillaries  of 
the  solids  and  is  difficult  to  remove.  Some  micropore  water  can  be  removed 
by  high-pressure  processes.  Colloidally  bound  and  chemisorbed  water  are 
bound  by  surface  forces  or  chemical  bonds.  Colloidally  bound  water  and 
chemisorbed  water  are  not  removed  by  any  conventional  mechanical  dewater¬ 
ing  processes.  Processes  such  as  electrokinetics,  acoustic,  and  electro-acoustic 
dewatering  address  removal  of  bound  water,  but  are  presently  in  developmen¬ 
tal  stages  (Ensminger  1986;  Muralidhara,  Senapati,  and  Beard  1986;  and 
Lockhart  1986).  Thermal  technologies  address  drying  the  sediment  by  caus¬ 
ing  a  phase  change  in  water  contained  in  the  sediments,  as  distinct  from 
dewatering  technologies  that  remove  water  without  inducing  a  phase  change. 
Thermal  technologies  require  high-energy  inputs  and  are  not  considered  to  be 
economically  feasible  or  necessary  for  this  application. 

The  water  distribution  of  a  typical  colloidal  suspension  given  by  Muralid¬ 
hara,  Senapati,  and  Beard  (1986)  illustrates  the  limitations  of  conventional 
mechanical  dewatering  processes  for  this  type  of  suspension: 
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•  Bulk  water  40  percent 

•  Micropore  water  40  percent 

•  Colloidal  water  10  percent 

•  Chemisorbed  water  10  percent 

Handling  and  dewatering  of  fine  sediments  is  problematic  in  CVWF  opera¬ 
tion.  Coarse  materials  are  typically  excavated  and  removed  shortly  after  sur¬ 
face  water  is  removed.  Fine  materials  require  weeks  to  months  to  dewater 
sufficiently  to  be  minimally  workable  with  heavy  equipment  (30-  to  40-percent 
solids  content,  by  weight,  estimated).  The  focus  of  this  section  is  directed 
principally  toward  dewatering  techniques  for  fine  materials. 

Dahlstrom  (1986)  gives  a  concise  summary  of  the  necessary  analysis 
sequence  for  a  liquid/solid  separation  problem.  Some  of  the  elements  of  the 
analysis  sequence  are  listed  in  Table  1,  some  of  which  may  not  be  applicable 
to  CVWF  solids.  The  information  in  Table  1  represents  a  quick  paper  study 
that  could  be  performed  for  each  sediment  to  be  dewatered  to  facilitate  tech¬ 
nology  selection. 

Dewatering  technologies  applied  to  dredged  material  can  provide  some 
insight  into  the  management  of  CVWF  solids.  Important  differences  between 
dredged  material  management  and  CVWF  solids  management  should  be  noted. 
Most  significant  is  a  difference  in  scale.  A  CDF  may  be  designed  to  contain 
thousands  of  cubic  yards  of  dredged  material.  Primary  CVWF  sedimentation 
basins  at  Fort  Hood  produce  approximately  1,000  to  1,500  cu  yd  of  material 
per  year.  Larger  sedimentation  ponds,  such  as  those  used  for  primary  settling 
at  Fort  Story  and  secondary  settling  at  Fort  Hood,  contain  more  material  but 
still  significantly  less  than  the  amount  of  dredged  material  contained  in  a 
CDF.  Operational  scale  differences  are  significant  in  that  equipment  and 
methods  utilized  in  dredged  material  handling  may  not  be  readily  adapted  to 
CVWF  solids  management. 

CDF  operations  serve  a  dual  function;  dredged  material  dewatering  and 
long-term  storage.  Sedimentation  basins  through  which  CVWF  wash  water 
flows  provide  primary  or  secondary  separation  of  solids  and  water  and  short¬ 
term  storage  incidental  to  the  operation.  At  some  point,  operation  is  sus¬ 
pended  to  allow  removal  of  solids  from  the  basins  and  disposal  elsewhere. 
Operational  maintenance  varies  from  one  facility  to  another,  and  basin  clean¬ 
out  may  or  may  not  occur  as  a  regular  maintenance  function  (see  CVWF 
Operational  Procedures/Problems  in  Chapter  1). 

Operational  objectives  of  a  CDF  are  different  from  those  of  a  CVWF 
sedimentation  basin.  Consolidation  of  dredged  material  is  desirable  from  the 
standpoint  of  increasing  available  storage  within  the  CDF.  Improving  engi¬ 
neering  properties  of  the  dredged  material  for  beneficial  uses  may  also  be  an 
objective  (Johnson  et  al.  1977).  Consolidation  of  sediment  in  a  CVWF  sedi¬ 
mentation  basin  is  desirable  principally  to  facilitate  rehandling  (removal  and 
disposal)  of  the  material.  Acceptable  time  frames  for  dewatering  and 
consolidation  of  dredged  material  (months  to  years)  will  be  significantly 
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Table  1 

Liquid/Solid  Separation  Analysis 

A.  Solid  Analysis 

Particle-size  distribution  and  range 

Chemical  composition  and  range 

Weight  percent  suspended  solids  feed  concentration  and  range 

Must  it  be  flocculated  -  what  type  required  -  anionic,  cationic,  nonionic 

Abnormal  shape  or  surface  factors  possible 

Is  it  valuable  or  a  waste-disposal  requirement? 

B.  Liquid  Analysis 

Chemical  composition  and  range 

pH  and  range 

Viscosity  (if  different  from  water! 

Other  specific  important  factors,  i.e.,  scaling  tendencies,  will  it  be  reused,  etc. 

Is  it  valuable  or  a  waste-disposal  requirement? 

C.  Operating  Conditions 

Temperature  and  range 

Design  quantity 

Equipment  availability  requirements 

Peak  capacity  requirement 

Pressure  -  if  different  from  atmospheric 

Possible  special  requirements 

Toxicity  or  hazard  problems 

Vapor  pressure  if  significant 

Maintenance  considerations 

D.  Develop  Rea!  Performance  Requirements 

Average  and  approximate  rate  basis 

Required  final  solids  product  liquid  content 

Required  weight  percent  in  the  solids  product 

Required  solids-content  maximum  in  liquid  product 

Any  other  required  factors? 

E.  Use  of  data  files  for  preliminary  estimate  of  required  equipment  size  and  flowsheet 
for  the  solid/liquid  separation  steps 

F.  Determination  of  whether  estimate  is  dependable  for  final  decision, 
or  must  test  work  be  performed 

Type  of  testing  for  possible  equipment  to  be  used 

Bench  scale  Pilot  scale 

Can  representative  test  samples  be  obtained? 
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longer  than  for  a  CVWF  sedimentation  basin,  where  continued  operation  is 
dependent  upon  expedient  removal  of  solids  from  the  basin. 

Demonstrated  dewatering  and  densification  techniques  for  dredged  material 
are  listed  below,  along  with  processes  having  potential  application  to  CVWF 
solids  (Averett  et  al.  1990  and  Johnson  et  al.  1977): 

a.  Primary  settling. 

b.  Surface  drainage. 

c.  Subsurface  drainage. 

d.  Solar  evaporation. 

e.  Progressive  trenching. 

/.  Wick  drains/vertical  drainage  panels. 

g.  Surcharge  loading. 

h.  Vertical  sand  drains. 

i.  Chemical  additives. 

j.  Filtration. 

(1)  Belt  filter  press. 

(2)  Vacuum  filtration. 

(3)  Chamber  filtration. 

(4)  Centrifugal  filtration. 

(5)  Crossflow  filtration. 

k.  Gravity  thickening. 

l.  Centrifugation. 

m.  Hydrocyclones. 

Other  potentially  applicable  techniques  include  vegetative  desiccation  and  thin- 
lift  placement.  Figure  7  from  Muralidhara,  Senapati,  and  Beard  (1986)  citing 
Shafick  (1981)  gives  the  applicable  particle-size  ranges  and  potential  solids 
concentrations  produced  for  several  of  the  above-mentioned  processes. 
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Figure  7.  Particle  size  and  process  solids  concentrations  (from 
Muralidhara,  Senapati,  Beard  1986) 

Effective  dewatering  techniques  are  needed  for  CVWF  solids  management. 
A  discussion  of  dewatering  technologies  follows. 

Primary  settling.  Primary  settling  is  the  deposition  by  gravity  of  settle- 
able  solids  from  a  liquid-waste  stream.  Primary  settling  is  the  most  widely 
used  dewatering  technology  applied  to  dredged  material  and  is  the  technology 
in  use  for  initial  water/solid  separation  at  CVWFs  visited.  Wastewater  from 
the  CVWF  is  directed  to  the  inlet  of  a  settling  basin.  Settling  basins  are 
designed  based  on  overflow  velocity,  defined  as  volumetric  flow  divided  by 
plan  area  of  the  basin.  A  given  overflow  velocity  will  allow  particles  of  a 
prescribed  diameter  to  settle  out  before  the  wastewater  leaves  the  basin 
through  the  outlet.  Particles  too  small  to  settle,  including  colloids  that  will 
not  settle  without  chemical  coagulation,  are  carried  out  in  the  effluent  from 
the  basin. 

Primary  settling  achieves  the  initial  gross  liquid/solid  separation,  but  sedi¬ 
ments  still  contain  high  amounts  of  water  that  must  drain  by  gravity  after 
surface  water  is  drained  off.  Fine  sediments  have  low  permeabilities,  and 
gravity  drainage  can  take  a  long  time.  For  this  reason,  primary  settling  is 
sometimes  combined  with  adjunct  processes  such  as  subsurface  drainage. 
Another  alternative,  which  is  not  mentioned  in  the  literature  but  which  may 
merit  consideration,  is  some  type  of  body  feed  to  the  influent  of  the  sedimen¬ 
tation  basin  for  the  purpose  of  increasing  the  permeability  of  the  fine  deposits. 
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Body  feeds  are  utilized  in  conjunction  with  filtration  to  enhance  flow  through 
the  filter  cake  and  have  the  characteristics  of  high  permeability  and  rigidity. 
Subsurface  drainage,  filtration,  and  body  feeds  are  discussed  further  in  the 
following  text. 

Surface  drainage.  Surface  drainage  of  standing  water  is  the  first  step  in 
dewatering  sediments  deposited  in  a  sedimentation  basin  (Bartos  1977).  Sur¬ 
face  drainage  is  achieved  by  the  use  of  weirs  and  other  adjustable  water- 
control  structures  in  order  to  release  surface  water  while  retaining  solids. 

Adequate  surface  drainage  removes  remaining  standing  water,  prevents 
reinfiltration  due  to  ponding  from  rain  or  consolidation  of  foundation  materi¬ 
als,  and  exposes  the  sediment  to  the  air.  A  quiescent  period  before  surface 
drainage  is  initiated  may  be  necessary  to  ensure  sufficient  time  for  deposition 
of  all  settleable  particles.  Once  adequate  surface  drainage  is  achieved,  more 
aggressive  dewatering  techniques  can  be  employed. 

Subsurface  drainage.  Subsurface  drainage,  or  underdrainage,  can  be 
achieved  by  providing  a  permeable  base  and  perforated  drainage  pipes  in  the 
foundation  material  of  the  sedimentation  basin.  Drainage  pipes  could  not  be 
installed  in  existing  concrete  sedimentation  basins  unless  provision  was  made 
for  heavy  equipment  to  work  over  them  to  remove  deposited  sediment.  A 
sacrificial  sand  or  gravel  layer  could  potentially  enhance  dewatering  of  the 
fine  sediments  that  accumulate  in  the  lower  one-half  to  two-thirds  of  the  basin, 
but  has  not  yet  been  tried.  A  perforated  drainage  pipe,  wrapped  in  geotextile 
and  placed  in  a  gravel  bed,  runs  the  full  length  of  the  concrete  sedimentation 
basins  at  Fort  Hood.  This  has  been  insufficient  to  promote  adequate  drainage 
of  the  basin.  Fouling  of  the  gravel  and  geotextile  with  fines  has  been  an  oper¬ 
ational  problem  and  must  also  be  considered  with  an  underdrainage  bed.  An 
underdrainage  system  would  probably  require  provision  for  backwashing  or  be 
sacrificed  when  the  basin  is  emptied. 

Sand  beds  are  a  potentially  viable  alternative  for  dewatering  outside  of  the 
sedimentation  basin.  An  underdrainage  system  could  be  incorporated  in  a 
modified  CDF.  With  somewhat  coarser  sediments,  the  Japanese  have  recently 
implemented  an  underdrainage  system  utilizing  nonwoven  polypropylene 
fabric  over  a  bed  of  drain  pipes.*  Vertical  panels  covered  with  the  same 
fabric  and  placed  at  intervals  within  the  basin  provide  an  enhanced  drainage 
path  to  the  drain  bed.  Maximum  dewatering  time  for  a  2-m-deep  basin  was 
5  months.  Minimum  dewatering  time  was  1  month.  Sediments  were  removed 
from  the  basin  by  mechanical  means  when  the  water  content  in  percent  of  dry 
weight  divided  by  the  liquid  limit  was  less  than  1 .0. 

Solar  evaporation.  Solar  evaporation  is  a  suitable  dewatering  technique  in 
arid  climates  where  sufficient  storage  is  available  to  allow  adequate  drying 
times.  Wet  sediments  or  slurries  can  be  allowed  to  dry  naturally  in  a  lined 


'  M.  Nakamura.  (1994).  “Dewatering  of  dredged  material  from  Fushiki  Toyama  Port  by 
bottom  dewatering  system,”  unpublished  report. 
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pond  or  lagoon.  Solar  evaporation  will  also  enhance  the  performance  of  sand¬ 
drying  beds. 

Progressive  trenching.  Trenches  are  dug  around  the  perimeter  of  a  con¬ 
tainment  area,  and  in  parallel  or  radial  patterns  throughout  the  disposal  area, 
down  to  the  existing  depth  of  the  crust.  As  the  crust  thickens,  the  trenches 
are  reworked  and  deepened.  The  principal  function  of  the  trenches  is  to 
provide  good  surface  drainage  so  that  rainfall  does  not  reinfiltrate  the  sediment 
and  to  increase  natural  evaporation  by  exposing  progressively  greater  surface 
area  to  the  air.  Trenching  can  be  done  with  a  backhoe  when  a  thin  crust 
(approximately  6  in.)  forms  on  the  top  surface  of  the  sediment.  Crust  forma¬ 
tion  can  take  several  weeks  to  several  months  after  drying  begins.  The  time 
frame  involved  here  would  preclude  progressive  trenching  as  an  in-basin 
dewatering  technology.  Underdrainage  could  further  enhance  this  dewatering 
method,  and  progressive  trenching  could  be  useful  as  an  out-of-basin  dewater¬ 
ing  method. 

Wick  drains.  Wick  drains  consist  of  rigid,  pleated  polymeric  strips 
wrapped  in  a  geotextile  fabric.  Wicks  are  placed  vertically  in  a  grid  pattern  to 
promote  radial  and  vertical  drainage  of  pore  water  upward  along  the  wicks. 

A  sand  surcharge  can  be  added  to  increase  pore  pressures  and  speed  consoli¬ 
dation  (Averett  et  al.  1990). 

Wick  drains  are  presently  in  use  at  Craney  Island  disposal  area  and  have 
produced  consolidation  of  several  feet  over  a  period  of  approximately 
9  months,  with  wicks  placed  to  depths  over  100  ft. 

Vertical  drainage  panels  consisting  of  pipe  frames  covered  with  nonwoven 
polypropylene  fabric  have  been  demonstrated  for  dewatering  dredged  sediment 
approximately  2  m  deep.^  The  panels  are  utilized  in  conjunction  with  a 
bottom  drainage  system  of  perforated  pipes  covered  with  the  same  fabric. 

Wick  drains  and  vertical  drainage  panels  are  not  expected  to  be  a  viable 
in-basin  dewatering  technology  for  CVWF  operations  because  the  time 
required  for  consolidation  to  occur  is  too  long  for  efficient  operation  of  the 
system.  The  volume  of  sediments  is  small  and  would  be  more  efficiently 
managed  by  out-of-basin  dewatering.  Wick  drains  and  vertical  drainage 
panels  may  be  viable  dewatering  devices  for  out-of-basin  dewatering,  permit¬ 
ting  reuse  of  a  single  small  containment  basin  constructed  for  the  purpose. 

Surcharge  loading.  Surcharge  loading,  a  densification  technique,  is  the 
practice  of  loading  coarse-grained  material  over  dredged  material  to  increase 
effective  stresses  and  enhance  drainage  of  pore  water.  The  primary  objective 
of  densification  techniques  is  to  reduce  the  volume  of  the  dredged  material  and 
increase  storage  capacity  of  the  disposal  area.  Surcharge  loading  is  sometimes 


'  M.  Nakamura.  (1994).  “Dewatering  of  dredged  material  from  Fushiki  Toyama  Port  by 
bottom  dewatering  system,”  unpublished  report. 


Chapter  2  Technologies 


employed  in  conjunction  with  wick  drains.  Surcharge  loading  is  not  consid¬ 
ered  applicable  to  CVWF  solids  management,  particularly  since  separation  of 
coarse  (clean)  and  contaminated  (fine)  sediments  is  desired. 

Vertical  sand  drains.  Vertical  sand  drains  consist  of  sand  columns  placed 
or  injected  into  saturated  solids.  They  connect  with  an  underdrainage  layer  or 
intermediate  horizontal  drainage  layer  and  accelerate  consolidation  by  provid¬ 
ing  a  preferential  flow  path  to  the  drainage  layer.  This  reduces  the  drainage 
path  length  (Bishop  and  Vaughan  1972).  Placement  may  involve  boring, 
requiring  a  minimum  bearing  capacity  of  the  sediments.  Injection,  or  pre¬ 
placement,  may  be  effective  for  very  fluid  sediments. 

Fouling  with  fines  is  an  operational  problem,  particularly  with  high-flow 
velocities.  Smearing  of  the  drains  during  installation  and  because  of  consoli¬ 
dation  settlement  may  reduce  effectiveness.  Discontinuities  in  the  drains  also 
reduce  effectiveness.  Horizontal  spacing  of  vertical  drains  is  an  important 
design  parameter  and  will  be  a  determining  factor  in  the  economic  feasibility 
of  the  use  of  vertical  sand  drains. 

Chemical  additives.  Chemical  additives  to  a  suspension  cause  particles  to 
agglomerate  and  enhance  settling  characteristics.  Coagulants  or  flocculants 
can  be  added  to  the  influent  to  the  sedimentation  basin.  The  potential  benefit 
of  flocculants  is  highly  dependent  upon  the  nature  of  the  slurry,  the  chemical 
composition  of  the  flocculant,  and  the  dosage.  Selection  of  flocculant  for 
dewatering  is  determined  by  the  nature  of  the  material  to  be  dewatered  and 
solid-liquid  separation  method  to  be  employed  (Moudgil  and  Shah  1986).  For 
example,  for  dewatering  of  clays,  a  high-density  floe  is  desirable.  Table  2  is 
adapted  from  Moudgil  and  Shah  (1986). 


Table  2 

Floe  Characteristics  for  Specific  Applications 

Method  of  Separation 

Desired  Roc  Properties/Mechanism 

Filtration 

Porous,  strong,  permeable  floes 

(High  dosages  required  for  complete  flocculation) 

Patch-charge  neutralization  mechanism 

Sedimentation 

Dense,  strong,  large,  regular  in  shape 

Bridging  mechanism 

Centrifugation 

Strong,  dense,  large  floes 

Bridging  mechanism 

Floe  flotation 

Low-density,  strong,  narrow  size  distribution 

Flocculants  act  to  neutralize  charges  between  suspended  particles  (patch- 
charge  neutralization)  or  bridge  the  electrical  double  layer  of  the  particles 
(bridging).  Suspended  particles  can  also  be  removed  from  solution  by  becom¬ 
ing  enmeshed  with  cross-linked  polymer  chains  (network  flocculation). 

Studies  indicate  that  materials  may  have  a  higher  water  content  following 
flocculation  because  of  intrafloe  water  that  is  not  readily  removed  unless 
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flocculation  is  followed  by  a  filtration  process.  The  study  referenced  found 
pressure  filtration  (approximately  50  psi)  to  be  effective  (Cheng  and  Chiang 
1990)  in  removing  intrafloe  water.  Filter  cake  moisture  contents  of  approxi¬ 
mately  0.17  kg/kg  (dry)  were  achieved. 

Studies  on  dredged  material  indicate  that  flocculants  will  expedite  the  initial 
settling  of  clay  particles;  with  the  addition  of  underdrains,  surface  drainage 
and  evaporation,  solids  contents  of  50  percent  are  achievable.  The  length  of 
time  to  attain  this  solids  content  was  found  to  require  about  10  months  for  an 
18-ft  dredged-material  layer  on  sand  bed,  but  was  not  specified  for  smaller 
layers.  Studies  on  phosphatic  clays  and  bauxite  residues  resulted  in  solids 
contents  from  28  to  35  percent  with  flocculation  alone. 

Flocculants  may  accelerate  the  sedimentation  process  and  could  be  expected 
to  produce  a  clearer  effluent  from  the  primary  sedimentation  basins,  thereby 
reducing  solids  loading  to  the  secondary  settling  basins.  However,  with  high 
solids  content  in  the  feed  stream,  flocculation  can  inhibit  settling.  Selection  of 
flocculant  and  determination  of  dosage  would  require  bench-scale  testing  for 
the  specific  application.  Flocculation  will  not  likely  produce  a  more  workable 
sludge  than  that  presently  obtained  in  the  primary  sedimentation  basins  by 
sedimentation  alone;  the  sludge  produced  may  be  more  difficult  to  dewater 
because  of  trapped  intrafloe  water.  However,  with  sufficient  land  area  avail¬ 
able  to  further  dewater  the  sludge  by  passive  means  (by  land  application  or  on 
sand  beds),  the  benefits  of  flocculation  to  the  efficiency  of  the  overall  opera¬ 
tion  is  a  viable  consideration. 

Filtration.  The  object  of  filtration  is  to  (a)  produce  a  clear  filtrate,  or 
(b)  separate  and  capture  solids  from  a  slurry  for  reuse,  treatment,  or  disposal, 
or  (c)  both. 

Filter  feed  can  be  (a)  principally  liquid,  with  low  concentration  of  sus¬ 
pended  solids,  or  (b)  a  sludge  or  slurry,  with  high  solids  content. 

Production  of  a  dry,  workable  solid  residual  (cake)  is  the  principal  objec¬ 
tive  of  CVWF  operation.  Cake  quality  varies  with  the  type  of  filter  utilized. 
Pierson  (1990)  indicates  driest  cakes  are  produced  by  the  following: 

a.  Filter  presses. 

b.  Vacuum  filters. 

c.  Pressure  leaf  filters. 

d.  Centrifugal  filters. 

e.  Spinning  leaf  filters. 

/.  Cartridge  filters. 
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g.  Compression  filters. 

Several  characteristics  distinguish  filter  types  (Pierson  1990;  and  Loff 
1990).  In  particular,  these  are  as  follows; 

a.  Filtration  through  a  filter  medium  or  through  a  filter  cake. 

b.  Gravity,  vacuum,  pressure,  or  centrifugal  driving  force. 

c.  Surface  or  depth  filtration. 

Depth  filtration  includes  deep  sand  filters  and  some  cartridge  filters.  Typi¬ 
cally,  deep  sand  filters  must  be  periodically  backwashed,  or  the  upper  layers 
must  be  sacrificed  as  they  become  occluded  with  solids.  Because  of  the  high 
solids  content,  deep  sand  filters  are  not  considered  to  be  suitable  for  dewater¬ 
ing  CVWF  residuals. 

Cartridge  filters  are  available  in  depth  and  surface  filtration  types  and  offer 
particle  retention  from  0.5  to  50  /xm,  depending  upon  the  media.  Depth-type 
cartridges  caimot  be  cleaned  to  recover  solids,  and  in  general  cartridge  filters 
are  limited  in  application  to  suspensions  of  less  than  0.01-percent  solids  by 
volume  (Svarovsky  1990a).  Because  of  these  limitations,  cartridge  filters  are 
considered  unsuitable  for  CVWF  residuals  dewatering. 

Surface  filters  are  employed  with  feed  solids  concentrations  above 
1  percent. 

Blinding  is  an  operational  problem  in  filtration,  particularly  when  filtering 
slurries  containing  fine  particles.  Blinding  can  occur  in  the  filter  cake  or  in 
the  filter  support  or  media  and  occurs  to  some  degree  in  all  filters.  Blinding 
in  the  cake  can  be  rectified  with  chemical  pretreatment  (flocculation)  or  vary¬ 
ing  the  pressure  differential  (Pierson  1990).  Blinding  in  the  filter  support  can 
be  addressed  by  utilizing  a  support  larger  than  the  smallest  fraction  to  be 
filtered  and  allowing  the  coarser  material  to  form  a  filter  bed,  which  is  the 
fundamental  principle  behind  cake  filtration.  Cake  filtration  requires  an  ade¬ 
quate  fraction  of  coarse  material  in  the  feed  stream  from  which  to  build  a 
cake.  Filtrate  is  recycled  until  a  sufficient  cake  accumulates  to  capture  fines 
and  give  an  acceptably  clear  filtrate  (or,  conversely,  an  acceptably  high  solids 
capture).  Filter  precoats  and/or  body  feeds,  using  a  filter  aid,  are  sometimes 
used  to  form  a  filter  cake.  Filter  aids  have  the  characteristics  of  permeability, 
pore  size,  and  rigidity  (Smith  1990).  Diatomite,  perlite,  and  cellulose  are 
examples  of  filter  aids  and  are  used  alone  or  in  combination. 

Cake  washing  as  an  incidental  filter  function  is  an  additional  consideration 
and  may  be  desirable  as  a  treatment  process.  Belt  filter  presses  give  a  well- 
washed  cake  but  consume  large  amounts  of  water  in  the  process.  Vacuum 
filters  may  be  more  desirable  in  performing  this  function  (Pierson  1990). 
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A  discussion  of  specific  filtration  processes  follows. 

a.  Belt  filter  press.  Belt  filter  presses  employ  a  three-stage  operation: 

(1)  Slurry  containing  from  1  to  40  percent  solids  is  conditioned  with 
either  addition  of  flocculant  or  by  processing  through  a  thickening 
drum  section. 

(2)  Gravity  drainage  of  free  water. 

(3)  Compression  between  a  press  belt  and  filter  belt. 

Solids  contents  of  50  to  60  percent  by  weight  were  achieved  with  river 
sediments.  Belt  filter  press  equipment  is  available  on  a  large  commer¬ 
cial  scale  (Averett  et  al.  1990). 

b.  Vacuum  filtration.  Vacuum  filters  comprise  the  majority  of  continuous 
filters  presently  employed  in  industry  (Dahlstrom  1986).  Drum  filters 
and  disc  filters  form  filter  cake  against  gravity;  continuous  belt  hori¬ 
zontal,  horizontal  scroll,  and  tilting  pan  filters  form  filter  cake  with 
gravity.  Vacuum  drum  filtration  is  a  continuous  process  in  which  a 
drum  is  partially  submerged  in  a  slurry,  and  a  vacuum  is  applied  to  the 
inside  of  the  drum,  causing  flow  through  the  drum.  A  solids  cake 
forms  on  the  outside  of  the  filter  and  is  scraped  off  and  removed. 

String  discharge  and  continuous  belt  drum  filters  are  well  suited  to 
filtration  of  materials  that  tend  to  blind  other  filters,  such  as  clays  and 
colloids  (Dahlstrom  1986). 

Vacuum  filtration  has  been  tested  on  dredged  material  with  an  initial 
solids  content  of  15  to  23  percent.  Filter  cake  with  solids  content 
above  43  percent  was  achieved.  Capital  and  operating  costs  were  very 
high  for  a  large-scale  operation,  and  the  technology  was  determined  to 
be  uneconomical  for  treatment  of  dredged  material  (Averett  et  al. 

1990).  An  economic  analysis  would  be  required  to  determine  the 
feasibility  for  an  operation  on  the  scale  of  the  CVWF  facilities. 

c.  Chamber  filtration.  Chamber  filtration  is  a  pressure  filtration  process 
utilizing  rigid  vertical  plates  covered  with  a  filter  media.  Chamber 
filtration  is  a  semicontinuous  process.  Slurry  is  pumped  through  the 
filter  until  sufficient  cake  forms  to  restrict  flow.  Pumping  is  stopped 
and  filter  media  cleared  for  the  next  cycle.  Plate  and  frame  filtration  is 
a  proven  technology  capable  of  producing  filter  cake  with  solids  con¬ 
centrations  in  excess  of  50  percent  (Averett  et  al.  1990). 

d.  Centrifugal  filtration.  The  principal  object  of  centrifugal  filtration  is  to 
produce  dewatered  solids,  as  opposed  to  clear  filtrate.  Centrifugal 
filters  consist  of  a  rotating  basket  with  a  filter  medium  (Zeitsch  1990). 
Surfactants  can  be  utilized  to  reduce  the  final  moisture  content  of  the 
solids.  Centrifugal  filters  are  continuous  or  batch  operation,  depending 
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upon  the  type  selected.  Centrifuge  type  is  selected  based  on  the  intrin¬ 
sic  permeability  of  the  material  to  be  dewatered.  Permeabilities  below 
0.02  X  10'^°  m'*/N*s  are  too  low  for  centrifugal  filtration,  but  may  be 
suitable  for  centrifugal  sedimentation  (see  Centrifugation).  Permeabil¬ 
ity  above  20  x  10'*°  m‘^/N*s  is  required  for  continuously  fed  pusher 
centrifuges.  Permeabilities  between  these  two  values  require  the  use  of 
batch-fed  equipment,  such  as  three-column  and  peeler  centrifuges 
(Zeitsch  1990).  Feed  rates  and  water  content  of  filtered  solids  were 
not  given  in  this  reference. 

e.  Crossflow  filtration.  Influent  flow  is  tangential  to  the  filter  media  in 
crossflow  filtration  (Svarovsky  1990).  The  induced  shear  along  the 
filter  face  prevents  a  heavy  buildup  of  solids  on  the  filter  media  and 
subsequent  blinding.  High  filtration  rates  are  possible.  Svarosvky 
(1990)  does  not  indicate  an  optimum  feed  solids  concentration  or  ulti¬ 
mate  water  content  of  separated  solids,  but  does  indicate  that  in  some 
cases  water  contents  are  lower  than  with  conventional  pressure  filtra¬ 
tion.  Given  the  nature  of  most  CVWF  solids,  this  process  could  have 
applicability  to  residuals  dewatering. 

Gravity  thickening.  Gravity  thickening  is  a  variation  on  primary  settling, 
in  which  the  primary  objective  is  not  a  clarified  effluent  but  a  thickened 
underflow.  Gravity  thickening  utilizes  a  specially  designed  circular  vessel  to 
dissipate  influent  velocity  and  allow  for  the  sludge  to  settle.  This  technology 
has  not  been  applied  to  dredged  material  slurries  (Averett  et  al.  1990)  and 
would  seem  to  offer  little  advantage  as  a  follow-on  process  to  the  primary 
settling  presently  in  use  at  CVWF  facilities. 

Centrifugation.  Centrifuge  separation  utilizes  a  rigid  vessel  that  is  rotated 
rapidly,  producing  forces  in  excess  of  gravity,  to  enhance  and  accelerate 
liquid/solid  separation.  Centrifugal  separators  can  be  divided  into  three  cate¬ 
gories;  centrifugal  filters,  sedimentation  centrifuges,  and  combined  centrifu¬ 
gal  filters/sedimentation  centrifuges  (Alt  1986).  Centrifugal  filtration  is 
discussed  in  the  preceding  section  on  filtration  technologies. 

Centrifugal  dewatering  is  applicable  over  a  particle  size  range  from  gravel 
down  to  roughly  10  ^m  and  has  been  demonstrated  in  municipal  sludge  dewa¬ 
tering  operations  (Averett  et  al.  1990).  According  to  Alt  (1986),  centrifuges 
suitable  for  fine-particle  dewatering  include  tubular-sedimentation  centrifuges, 
disc-nozzle  centrifuges,  and  self-cleaning  disc  centrifuges.  These  units  operate 
in  batch,  continuous,  and  semicontinuous  modes  respectively.  Under  low- 
flow  conditions,  a  scroll-type  centrifuge  could  also  be  applicable  to  the  parti¬ 
cle  distribution  of  CVWF  residuals  and  gives  continuous  operation  and 
discharge  (Svarovsky  1990). 

Tubular  sedimentation  centrifuges  are  low  capacity;  as  a  solids  cake  accu¬ 
mulates  in  the  bowl,  efficiency  drops.  They  are  limited  in  application  to  sus¬ 
pensions  of  less  than  1-percent  solids  (Svarovsky  1990b).  The  disc  centri¬ 
fuges  are  high  capacity  (Alt  1986).  Svarovsky  (1990b)  gives  the  relationship 
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between  cut  size  and  feed  rate  for  the  nozzle-discharge  disc  centrifuge;  the  cut 
size  increases  as  feed  concentration  and  flow  rate  increase  (Figure  8).  Feed 
concentration  for  the  self-cleaning  or  solids-ejecting-type  disc  centrifuge  is 
limited  to  2  to  6  percent  (Svarovsky  1990b).  Scroll-type  centrifuges  can  sepa¬ 
rate  particles  less  than  50  in  size  at  2-  to  50-percent  solids  by  volume  in 
the  feed.  Residual  moisture  increases  with  solids  feed  rate,  and  pilot  tests 
would  be  needed  to  determine  if  an  adequate  flow  rate  could  be  maintained 
and  still  achieve  the  desired  particle  separation  and  moisture  content  (see 
Figures  9  and  10). 
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Figure  8.  Dependence  of  cut  size  X50  on  feed  concentration  and  flow  rate 
for  nozzle-discharge  disc  centrifuge  (from  Svarovsky  1 990b) 


The  slurry  solids  concentration  of  CVWF  primary  sedimentation  basins  is 
estimated  to  range  from  5  to  40  percent  immediately  after  decanting  and  fol¬ 
lowing  a  period  of  evaporation,  respectively.  The  latter  value  exceeds  the 
feed  values  for  centrifugal  separators  and  would  require  dilution. 

According  to  Alt  (1986),  the  tubular  sedimentation  and  disc  centrifuges 
result  in  low  to  moderate  residual  moisture.  Averett  et  al.  (1990)  indicate  that 
solids  concentrations  of  15  to  40  percent  can  be  achieved  with  a  solid-bowl 
centrifuge,  while  disc  centrifuges  achieve  lower  solids  concentrations.  Scroll- 
type  centrifuges  give  roughly  30-percent  moisture  content  for  lOO-^im  particles 
at  low-solid  feed  rates  (Svarovsky  1990b).  The  maximum  solids  concentration 
that  can  be  achieved  with  centrifugal  dewatering  is  no  higher  than  can  be 
obtained  by  decanting  and  evaporation.  The  chief  advantage  of  centrifugal 
separation  is  in  shorter  dewatering  times.  Figure  1 1  correlates  flow  rate  and 
particle  size  to  equipment  alternatives  (Svarovsky  1990b,  citing  Lavanchy, 
Keith,  and  Beams  1964). 
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Figure  1 1 .  Performance  of  various  centrifugal  sedimentation  equipment 
(from  Svarovsky  1990b) 


Hydrocyclones.  Slurry  is  fed  into  a  conical  vessel,  forming  a  vortex. 
Coarser  materials  flow  out  the  underflow  outlet,  while  fine  materials  are  car¬ 
ried  by  a  countercurrent  out  the  overflow  outlet.  Hydrocyclones  have  no 
moving  parts  and  are  available  in  a  wide  range  of  capacities.  Fineness  of 
separation  appears  to  be  proportional  to  capacity;  smaller  capacity  hydrocy¬ 
clones  achieve  finer  separation  (Averett  et  al.  1990).  Narrow-angle  hydrocy¬ 
clones  are  most  efficient  for  fine-particle  recovery,  having  a  smaller  cut  size 
than  wide-angle  cyclones.  Maximum  underflow  concentration,  approximately 
50  to  60  percent,  is  achieved  by  throttling  the  underflow  orifice  and  is  a  func¬ 
tion  of  the  materials  (Svarovsky  1990b).  A  consequence  is  that  clarity  of 
overflow  is  sacrificed,  since  more  material  is  subsequently  carried  out  with  the 
overflow. 

Since  CVWF  wash  water  is  recycled  through  the  facility,  carryover  of 
fines  could  be  addressed  by  secondary  settling  of  the  overflow  in  the  existing 
secondary  settling  basins,  possibly  with  the  addition  of  flocculants.  Presum¬ 
ably,  any  contamination  present  in  the  overflow  is  also  already  present  in  the 
secondary  settling  basins. 

Hydrocyclones  were  evaluated  for  densifying  dredged  material  slurries 
(Tiederman  and  Reischman  1973).  The  technique  was  reasonably  successful 
in  pilot  tests  for  classifying  solids  and  separating  coarse  and  fine  fractions. 
Concentration  of  low-solids  content  clay  slurries  was  also  fairly  successful. 
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but  performance  was  poor  on  the  dredged  material.  High-solids  content  slur¬ 
ries  appeared  to  inhibit  performance. 

Other  important  performance  variables  are  operating  pressure  drop  and 
feed  concentration  (Svarovsky  1990b).  Up  to  5  or  6  bars,  increasing  pressure 
drop  correlates  to  increased  separation  efficiency.  Conversely,  efficiency  of 
separation  decreases  with  increasing  feed  concentrations.  Slurries  with  a 
solids  concentration  greater  than  30  percent,  high  specific  gravity,  or  high 
clay  content  are  unsuitable  for  treatment  separation  using  hydrocyclones 
(Averett  et  al.  1990). 

Vegetative  desiccation.  Vegetation  can  significantly  diminish  soil  mois¬ 
ture  contents  because  of  water  uptake  and  transpiration.  The  type  of  vegeta¬ 
tion,  depth  of  rooting  relative  to  depth  of  sediment,  and  density  will  influence 
the  effectiveness  (Bartos  1977).  Shading  from  excessively  dense  vegetation 
could  slow  evaporation  from  the  surface  of  the  dredged  material,  and  the 
presence  of  vegetation  can  present  problems  in  subsequent  material  placement. 
Vegetative  drying  would  not  likely  be  compatible  with  progressive  trenching 
techniques,  but  could  be  an  effective  technology  for  slurries  placed  in  a  per¬ 
manent  or  semipermanent  contaitunent  area.  An  additional  benefit  of  this 
dewatering  method  is  the  potential  for  metals/organics  uptake  by  the  plants. 

Thin-Uft  placement.  Thin-lift  placement  refers  to  deposition  of  dredged 
material  in  thin  layers,  which  can  shorten  dewatering  times  significantly.  The 
concept  could  be  adapted  to  sedimentation  basins  by  cleaning  the  basins  more 
frequently,  so  the  sediment  deposits  are  more  shallow  and  the  flow  path  down¬ 
ward  through  the  material  is  shortened.  Placement  of  a  sacrificial  drainage 
layer  on  the  bottom  of  the  sedimentation  basin  could  potentially  further 
shorten  dewatering  times  within  the  sedimentation  basin.  Lifts  of  0.3  m  are 
considered  most  desirable  for  evaporative  drying  with  no  intervention.  Lifts 
1  m  in  depth  may  require  up  to  a  2-year  drying  period  (Bartos  1977).  Studies 
of  evaporative  drying  of  dredged  material  indicate  that  the  rate  of  evaporation 
from  the  dredged  material  was  the  same  as  the  pan  evaporation  for  a  given 
locality  for  the  first  few  days  of  drying.  Thereafter,  evaporation  dropped  to 
approximately  50  percent  over  a  period  of  90  days. 

Selection  of  dewatering  technologies  for  CVWF  solids  management. 
Table  3  summarizes  the  dewatering  technologies  presented  here. 

The  most  desirable  dewatering  technologies  for  CVWF  management  will 
be  low  maintenance,  low  cost  processes,  or  process  trains,  capable  of  produc¬ 
ing  residuals-solids  contents  high  enough  to  facilitate  handling  and  disposal  of 
the  CVWF  sludge.  Percent  solids  by  weight  is  a  common  delimiter  for  defin¬ 
ing  the  separation  between  fluid  residuals  and  residuals  ranging  in  handling 
characteristics  from  plastic  to  brittle.  The  percent  solids  at  which  a  particular 
residual  material  can  be  handled  by  mechanical  means  will  be  dependent  upon 
the  nature  and  size  distribution  of  particles  and  must  be  determined  on  a  case- 
by-case  basis.  For  fine-grained  sediments  passing  the  200  sieve,  but  larger 
than  colloidal,  a  water  content  falling  somewhere  between  the  liquid  limit  and 
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approximately  1.8  times  the  liquid  limit  of  the  material  will  define  the  upper 
limit  of  a  workable  range.  For  disposal  purposes,  regulatory  requirements 
specify  what  must  be  treated  as  a  solid  waste  or  liquid  waste  based  on  the 
paint  filter  test. 

In  the  case  of  CVWF  solids  at  Fort  Hood,  fine  residuals  contain  an  esti¬ 
mated  30-  to  40-percent  solids  by  weight  following  decantation  and  a  period 
of  evaporation.  This  solids  content  is  minimally  sufficient  to  permit  handling 
by  mechanical  means.  Solids  contents  above  40  percent  would  appear  to  be 
desirable  for  mechanical  handling,  with  sludges  at  lower  solids  contents  better 
handled  by  pumping  from  the  sedimentation  basins  and  dewatering  by 
follow-on  processes. 

Dewatering  technologies  applied  to  sediments  within  the  basin  must  be 
effective  over  a  relatively  short  time  interval  to  permit  rapid  basin  cleanout 
and  return  to  operation.  Unit  processes  applied  to  sludges  pumped  from  the 
basins  have  more  flexibility. 

Of  the  types  of  dewatering  technologies  available,  some  generalizations  can 
be  made.  Gravitational  classifiers  are  most  suitable  to  80-mesh  (roughly 
200  fim)  and  above  separations.  Hydroseparators  are  applicable  to  processing 
large  volumes  at  100-  to  200-mesh  (150  to  75  fim,  respectively)  separations 
with  only  moderate  precision  requirements.  Hydrocyclones  are  applicable 
from  80  mesh  down  to  10  fim,  and  centrifuges  are  utilized  for  very  fine  sepa¬ 
rations  (Dahlstrom  1986).  Figure  12  gives  particle  sizes  appropriate  to  certain 
types  of  separation  equipment  (Svarovsky  1990a). 
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Figure  12.  Particle  size  as  a  guide  in  selection  of  solid-liquid  separation 
equipment  (from  Svarovsky  1 990a) 
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The  technologies  potentially  most  suitable  to  CVWF  dewatering  are  rated 
in  Table  4,  on  a  scale  of  1  to  5,  based  on  implementability  (I),  effectiveness 
(E),  cost  (C),  and  time  (T)  required.  A  (U)  for  effectiveness  indicates  no 
published  data  for  that  process.  The  time  factor  is  weighted  (X2)  because  of 
the  need  to  dewater  and  remove  sediments  quickly.  Out-of-basin  technologies 
are  ranked  highly  for  this  factor  based  on  the  sediments  being  removed 
quickly  from  the  basin,  rather  than  the  actual  time  to  implement  the  technol¬ 
ogy  once  the  material  is  removed  from  the  basin. 

The  rating  procedure  favors  out-of-basin  technologies  because  of  the  time 
factor.  Simple,  in-basin  procedural  modifications  rank  highest  for  imple¬ 
mentability  and  cost.  Effectiveness  of  these  and  all  procedures  considered 
would  have  to  be  tested  at  bench,  pilot  or  field  scale,  as  appropriate.  Field- 
scale  testing  is  most  reliable  and  is  economically  feasible  if  expensive  equip¬ 
ment  is  not  required,  such  as  field  testing  of  underdrainage  layers,  body  feed, 
and  thin  lifts.  Field  testing  of  underdrainage  layers,  body  feed,  and  thin  lifts 
could  be  tried  by  temporary  modification  of  operating  procedures  at  nominal 
cost.  More  technologically  intricate  systems  may  be  limited  to  bench-  or 
pilot-scale  testing  prior  to  implementation. 
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Particle  separation  (classification) 

Separation  of  coarse  and  fine  fractions  of  sediment  can  minimize  the  vol¬ 
ume  of  sediment  requiring  treatment  for  contaminants.  Contaminants  are 
principally  associated  with  fine-sediment  particles.  The  natural  distribution  of 
sediments  within  the  sedimentation  basin  facilitates  the  use  of  separate 
removal,  treatment  and  disposal  technologies. 

Distribution  of  particles  within  sedimentation  basins  typically  results  in  a 
concentration  of  coarse  particles  near  the  inlet  of  the  structure  and  with  fine 
particles  settling  more  slowly  and  depositing  near  the  outlet.  Some  small  and 
colloidal  particles  are  carried  over  in  the  effluent  and  necessitate  secondary 


Chapter  2  Technologies 


33 


settling  or  other  treatment.  Both  secondary  settling  and  sand-bed  filtration 
followed  by  secondary  settling  are  in  use  at  Fort  Hood.  Fort  Polk  relies  on 
secondary  settling  alone.  Secondary  settling  basins  contain  primarily  fine 
sediments. 

Particle-size  analysis  of  sediments  from  primary  sedimentation  basins  at 
several  military  facilities  indicates  a  particle-size  distribution  that  ranges  gen¬ 
erally  from  6.5  mm  to  less  than  0.0002  mm. 

Some  fine  particles  are  inevitably  trapped  by  the  coarse-sediment  deposit, 
and  some  coarse  particles  are  carried  over  into  the  fine  sediments.  Particle 
separation  beyond  what  can  be  achieved  in  sedimentation  basins  becomes 
important  when  significant  contaminant  concentrations  show  up  in  the  coarse 
materials  due  to  the  amount  of  entrapped  fines,  or  when  a  particular  treatment 
technology  requires  further  particle  classification. 

Particle  classification  technologies  suitable  for  application  to  contaminated 
dredged  material  included  the  following  (Averett  et  al.  1990): 

a.  Flotation. 

b.  Grizzlies. 

c.  Hydraulic  classifiers. 

d.  Hydrocyclones. 

e.  Impoundment  basins. 

/.  Screening. 

(1)  Moving  screens. 

(2)  Stationary  screens. 

g.  Shaking  table. 

h.  Spiral  classifiers. 

Impoundment  basins  are  equivalent  to  the  CVWF  sedimentation  basins 
currently  in  use.  Impoundment  basins,  hydraulic  classifiers,  and  hydrocy¬ 
clones  have  been  demonstrated  on  dredged  material.  The  other  technologies 
listed  were  evaluated  in  bench-  and  pilot-scale  tests  for  potential  application  to 
treatment  of  contaminated  dredged  material  on  technology  effectiveness, 
implementability,  and  cost. 

Flotation.  Flotation  is  a  process  in  which  fine  particles  are  removed  from 
suspension  by  attachment  to  air  bubbles  generated  by  rotary  blades  in  a  flota¬ 
tion  device.  The  resulting  froth  is  carried  out  in  the  overflow.  Suspended 
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particles  can  be  chemically  conditioned  to  cause  them  to  be  air-avid  and 
water-repellent  (Averett  et  al.  1990). 

Flotation  has  been  applied  in  a  number  of  commercial  industries,  including 
various  mining  operations.  Suitability  to  separation  of  CVWF  sediments 
requires  laboratory  evaluation.  Particles  finer  than  roughly  50-  to  65-mesh 
can  potentially  be  removed  by  this  process.  Conceptually,  treatment  of  a 
sludge  requires  agitation  of  the  sludge  to  separate  and  suspend  the  fine  parti¬ 
cles  (attrition)  followed  by  the  flotation  process. 

Grizzlies.  Grizzlies  are  utilized  for  large-particle  separation  and  are  com¬ 
posed  of  parallel  bars  mounted  in  frames  1  to  5  in.  apart.  Units  may  be 
vibrating  or  fixed  and  can  be  arranged  in  series  to  achieve  progressive  separa¬ 
tions  (Averett  et  al.  1990). 

One-  to  five-inch  separation  is  too  coarse  to  be  of  practical  use  for  CVWF 
particle  classification.  However,  an  adaptation  of  this  technology  can  poten¬ 
tially  be  applied  to  capture  ordnance  in  CVWF  influent. 

Hydraulic  classifiers.  Hydraulic  classifiers  are  most  effective  for  classifi¬ 
cation  of  particles  in  the  range  of  fine  gravel  to  fine  sand.  They  can  be  uti¬ 
lized  in  conjunction  with  spiral  classifiers  or  hydrocyclones  to  remove  finer 
particles,  particularly  particles  smaller  than  200  mesh  (Averett  et  al.  1990). 
Upflow  columns  are  hydraulic  classifiers  that  effectively  remove  fines  from 
coarser  materials  prior  to  other  unit  processes  to  further  concentrate  the 
contaminated  materials. 

Hydrocyclones.  Hydrocyclone  operation  was  described  more  fully  under 
dewatering  technologies,  but  it  is  principally  a  classification  technology  since 
loss  of  some  fine  solids  is  inherent  in  the  operation.  Flocculation  cannot  be 
used  to  increase  recovery  because  of  the  high  shear  forces  present  during 
operation.  The  “cut”  that  can  be  achieved  in  classification  ranges  from 
roughly  2  to  400  /xm,  with  smaller  cut  size  associated  with  narrow-angle 
cyclones  and  larger  cut  size  with  wide-angle  cyclones.  The  cut  for  a  wide- 
angle  hydrocyclone  would  be  sufficient  to  separate  coarse  CVWF  residuals 
from  fines  for  further  treatment  and  disposal.  Maximum  underflow  concentra¬ 
tion  is  45-  to  60-percent  solids  by  volume  (Svarovsky  1990b). 

Hydrocyclones  in  parallel  permit  more  efficient,  smaller  units  to  handle 
high  flows,  while  units  in  series  increase  overall  recoveries.  In  general, 
hydrocyclones  have  low  capital  and  operational  costs  and  are  small  in  size 
relative  to  other  separation  equipment. 

Screenii^.  Screening  serves  an  extensive  dewatering  function  in  the  min¬ 
eral  industry  for  materials  ranging  from  0.1  to  1.0  mm  (100  to  1,000  /xm). 
CVWF  fines  are  largely  smaller  than  this  (75  fim  and  below);  thus,  screening 
would  principally  be  applicable  for  separation  of  coarse  and  fine  fractions  of 
residuals  to  facilitate  treatment.  However,  dewatering  of  the  coarse  fractions 
can  occur  incidentally  to  the  classification  process,  which  can  be  useful  for 
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separating  fines  from  a  sacrificial  sand  bed  or  coarse  body  feed  if  these  tech¬ 
nologies  were  employed  to  enhance  in-basin  dewatering  of  fines. 

a.  Moving  screens.  Vibrating  screens  are  most  commonly  used  and  can 
be  arranged  in  series  for  progressively  finer  screening  (Averett  et  al. 
1990).  Screening  is  best  suitable  for  dry  or  slurried  materials.  Vibrat¬ 
ing  screens  are  most  commonly  used  to  separate  material  ranging  from 
1/8  in.  to  6  in.  High-speed  vibrating  screens  are  available  for  separa¬ 
tion  of  material  ranging  from  4  to  325  mesh.  Abrasion  and  blinding  of 
screens  are  operating  problems. 

b.  Stationary  screens.  Wedge-bar  screens  and  hydrosieves  are  stationary 
screens  utilized  to  achieved  particle  separation  by  the  tangential  move¬ 
ment  of  slurry  across  the  screen  face.  Wedge-bar  screens  do  not 
remove  all  fines  from  the  coarser  material  and  would  not  be  suitable 
for  this  application.  Hydrosieves  utilize  pressurized  water  spray  that 
breaks  up  clumps,  keeps  the  screen  clear,  and  removes  fine-grained 
material  fi-om  coarse-grained  material  (Averett  et  al.  1990).  Sieve 
bends,  a  type  of  hydrosieve,  have  a  capacity  of  8  to  10  m^/hour  for 
minus  0.5-mm  coal  slurry  at  30-  to  50-percent  solids  by  weight. 
Stationary  screens  are  sometimes  used  preceding  moving  screens  to 
increase  overall  efficiency. 

Shaking  table.  Shaking  tables  are  comprised  of  a  distribution  box  at  one 
end  of  a  sloping,  channeled  surface  that  is  mechanically  shaken  to  achieve 
particle  separation  as  a  slurry  flows  across  the  table  (Averett  et  al.  1990). 
Shaking  tables  are  most  effective  when  preceded  by  a  hydraulic  classifier, 
such  as  an  upflow  column,  to  first  remove  fine  particles  (slimes). 

Spiral  classifiers.  Spiral  classifiers  employ  a  continuously  rotating  screw 
to  wash,  dewater,  and  classify  sand  and  gravels  up  to  3/8  in.  in  diameter. 

Units  that  are  designed  to  be  mobile  typically  require  only  simple  mainte¬ 
nance,  and  capacities  of  up  to  950  tons/hour  are  possible  (Averett  et  al.  1990). 
Fixed  spirals  are  effective  concentrators  that  can  achieve  a  three-way  split  of 
materials  of  significantly  different  size  and  density  (heavies,  mids,  and  fines). 
Spiral  classifiers  can  be  preceded  by  hydraulic  classifiers,  such  as  an  upflow 
column,  to  remove  fine-grained  materials. 

Evaluation  of  classification  technologies  (solid/solid  separation).  A 
disadvantage  of  hydraulic  classification  technologies  is  that  they  may  require 
the  introduction  of  additional  water  in  order  to  achieve  particle  separation. 
Fines  hydraulically  separated  from  coarse  materials  must  then  undergo  further 
dewatering  in  addition  to  treatment  for  contaminants. 

Final  selection  of  a  classification  technology  will  be  made  based  upon  the 
cut  size  required  as  indicated  by  contaminant  distribution  among  particle  sizes 
and  treatment  technology  operating  parameters,  flow  rate  and  volume  to  be 
treated,  and  relative  cost  of  those  technologies  meeting  these  performance 
requirements. 
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UXE  removal 


Removal  of  ordnance  that  has  been  picked  up  in  the  mud  on  the  under¬ 
carriage  of  military  training  vehicles  may  be  a  consideration  for  some  CVWF 
operations.  Since  such  ordnance  would  be  limited  in  size,  a  classification 
technology  such  as  screens  or  bar  grating  would  probably  be  effective  in  sepa¬ 
rating  ordnance  from  the  waste  stream  before  sediments  are  deposited  in  the 
sedimentation  basins. 


Treatment  of  contaminants 

The  specific  contaminants  found  in  CVWF  solid  residuals  will  vary  accord¬ 
ing  to  the  management  practices  of  the  facility.  Petroleum  hydrocarbons, 
heavy  metals,  oil  and  grease,  and  some  ordnance  have  been  found  in  some  of 
these  sediments.  The  type  and  level  of  contamination  will  determine  whether 
or  not  the  material  is  hazardous  and  what  treatment  or  disposal  technologies 
will  be  required.  Without  information  on  specific  compounds  present,  the 
form,  and  the  concentration,  specific  treatment  recommendations  are  difficult 
to  make.  Some  general  discussion  follows  regarding  potentially  applicable 
technologies  for  petroleum  hydrocarbons,  heavy  metal,  and  oil  and  grease 
contamination  in  CVWF  solid  residuals. 

Treatment  processes  for  contaminated  CVWF  solids  will  potentially  gener¬ 
ate  solid,  liquid,  and  vapor  waste  streams.  Assuming  the  coarse  sediments  are 
clean  from  a  regulatory  standpoint,  treatment  can  be  confined  to  the  fine  sedi¬ 
ments.  Table  5  summarizes  treatment  technologies  applicable  to  the  three 
primary  classes  of  contaminants  found  in  CVWF  sediments  (USEPA  1993). 

Cost  ranges  in  1994  for  the  treatment  technologies  described  are  reported 
to  range  from  $50/cubic  yard  to  $  1,350/cubic  yard.  Biological  treatment  is 
generally  the  lowest  cost  alternative,  followed  by  solidification/stabilization. 
Incineration  is  the  most  expensive  technology.  The  remainder  of  the  technolo¬ 
gies  fall  roughly  within  a  range  of  $110  to  $600/cubic  yard.  Treatment  costs 
remain  one  of  the  most  difficult  parameters  to  predict  in  a  remediation  effort 
and  are  dependent  upon  a  number  of  variables  including  characteristics  of  the 
sediment,  quantity  of  waste  processed,  nature  and  concentration  of  contami¬ 
nants,  location  of  the  site,  and  available  disposal  alternatives  for  waste  streams 
generated  by  the  process.  Other  site-specific  factors  may  also  influence  costs. 

Some  of  the  treatment  technologies  listed  in  Table  5  have  not  been  demon¬ 
strated  at  full  scale  on  contaminated  sediments  but  have  documented  effective¬ 
ness  in  other  applications  in  bench-  and  pilot-scale  trials.  Because  many 
contaminated  sediment  treatment  processes  are  emerging  technologies,  bench- 
or  pilot-scale  testing  for  site-specific  conditions  is  a  requisite  to  technology 
selection. 
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Petroleum  hydrocarbons.  Treatment  processes  applicable  to  petroleum- 
hydrocarbon-contaminated  sediments  include  biodegradation,  volatilization, 
land  application,  oxidation,  extraction  and  incineration. 

Biodegradation  processes  are  discussed  in  the  following  section.  Volatil¬ 
ization  is  the  release  of  volatile  contaminants  from  the  soil  by  exposure  to  air 
or  by  thermal  treatment  and  capture  of  the  offgasses.  Land  application 
involves  spreading  of  the  contaminated  sediment  on  the  ground  where  volatile 
contaminants  will  be  released  to  the  air  and  other  organics  are  available  to  and 
in  contact  with  microbes  contained  in  the  soil.  Oxidation  is  the  chemical 
transformation  of  contaminants  by  the  addition  of  an  oxidizing  agent.  Oxida¬ 
tion  is  well  suited  to  low  concentrations  of  contaminants,  since  oxidants  are 
nonspecific.  Process  control  is  critical  to  achieving  complete  oxidation,  and 
intermediate  compounds  can  form  that  are  more  mobile  or  more  toxic  than  the 
parent  compounds.  Oxidation  is  reported  to  have  limited  application  to  slur¬ 
ries  or  sludges  (Averett  et  al.  1990,  citing  Kiang  and  Metry  1982).  Extraction 
involves  removal  of  contaminants  from  sediment  by  the  incorporation  of  a 
solvent.  Contaminants  associated  with  solid  particles  are  dissolved  into  the 
solvent  and  removed  from  the  soil  by  suitable  dewatering  technologies.  Some 
solvents  present  environmental  hazards,  and  residuals  in  the  sediment  may  be 
a  problem  with  fine  materials  in  particular  where  dewatering  is  difficult  to 
achieve.  Incineration  is  the  destruction  of  compounds  by  high  thermal  inputs. 
Metals  and  incompletely  burned  contaminants  can  be  carried  out  in  the  off¬ 
gasses.  Incineration  may  not  be  effective  for  high-water  content  materials. 

Land  treatment  is  considered  to  be  a  viable  alternative  for  CVWF  sedi¬ 
ments,  subject  to  applicable  regulatory  limitations.  Oxidation,  extraction,  and 
incineration  require  chemical  and  energy  inputs  and  would  probably  not  be 
Justified  when  satisfactory  treatment  can  be  achieved  with  less  aggressive 
technologies. 

Heavy  metals.  Extraction,  acid  leaching,  and  solidification/stabilization 
are  technologies  applicable  to  treatment  for  metals  contamination.  Extraction 
was  described  under  petroleum  hydrocarbon  treatment  technologies.  Acid 
leaching  is  similar  to  extraction.  Acid  is  used  to  solubilize  metals.  The  solids 
are  then  separated  from  the  metals  containing  extract.  The  sediment  may 
require  an  additional  washing  step,  and  the  contaminated  liquid  waste  stream 
must  also  be  treated  to  precipitate  the  metals.  The  concentrated  metals  con¬ 
taining  sludge  must  be  disposed  of  as  hazardous  waste.  Acid  leaching  is  listed 
as  an  emerging  technology  in  the  Superfund  Innovative  Technology  Evaluation 
(SITE)  Demonstration  Program  as  of  November  1992  and  has  not  been  dem¬ 
onstrated  at  full  scale  on  soil  or  sediments.  Solidification/stabilization 
employs  chemical  pre-treatment  to  stabilize  leachable  metals  and  incorporates 
solidifying  materials  such  as  cement  or  fly  ash  and  setting  agents  to  produce  a 
solid  matrix  with  high  structural  integrity.  Properly  solidified  and  stabilized 
wastes  can  be  disposed  in  conventional  landfills,  potentially  reducing  disposal 
costs,  although  the  overall  volume  of  waste  is  increased. 
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Oil  and  grease.  Oil  and  grease  contamination  are  not  specifically 
addressed  in  treatment  technology  summaries.  Oil  and  grease  are  organic  in 
nature,  however,  and  should  be  amenable  to  treatments  for  other  organic  con¬ 
taminants  provided  concentrations  are  not  high  enough  to  be  inhibitory  to  the 
treatment  process.  Bench-  or  pilot-scale  testing  would  be  required  to  deter¬ 
mine  effectiveness  for  oil  and  grease  removal  for  certain  treatment  processes. 

Biological  treatment  of  CVWF  residuals.  Biological  treatment  of  CVWF 
residuals  beyond  direct  land  application  at  sites  visited  is  not  a  component  of 
current  operations.  The  reason  for  this  is  that  land  application  is  often  an 
appropriate  and  generally  cost-effective  disposal  method  in  cases  where  State 
and  Federal  regulations  allow.  However,  installation  environmental  coordi¬ 
nators,  CVWF  managers,  and  CVWF  operators  should  remain  aware  that  the 
changing  nature  of  the  material  deposited  and  the  transient  regulatory  environ¬ 
ment  require  continued  assessment  of  treatment  technology.  If  CVWF  resi¬ 
duals  are  assessed  as  special  or  hazardous  waste  as  may  happen  in  the  future 
or  if  current  operations  are  inadequate,  then  biological  treatment  beyond  direct 
land  application  has  special  value. 

Bioremediation,  as  it  relates  to  the  common  contaminants  found  in  residu¬ 
als  from  CVWF,  is  defined  as  biological  processes  that  through  degradation, 
adsorption,  or  detoxification  reduce  a  risk  to  human  health  or  the  environment 
posed  by  particular  contaminants.  Given  the  nature  of  CVWF  residuals,  the 
contaminants  of  particular  concern  are  polycyclic  aromatic  compounds  associ¬ 
ated  with  fuels  and  solvents.  The  scientific  literature  suggests  that  these 
organic  compounds  are  amenable  to  biological  degradation.  As  early  as  the 
late  1970s,  it  was  reported  that  biodegradation  occurred  when  petroleum  pro¬ 
ducts  entered  the  environment  (Atlas  1977;  Bartha  and  Atlas  1977;  Colwell 
and  Walker  1977).  However,  chemical  structure  greatly  influences  biodegrad¬ 
ability  (Atlas  1975),  and  the  rate  of  degradation  is  dependent  on  the  number  of 
alkanes,  isoalkanes,  cycloaromatics,  and  aromatics  (Blumer  and  Sass  1972). 
The  idea  that  degradability  is  a  function  of  molecular  design  continues  to  be 
supported  by  more  recent  work  performed  in  the  field  as  indicated  in  Table  6. 
Table  6  is  an  abbreviated  list  of  more  recent  research.  In  sediments,  a  review 
of  the  literature  by  Chang,  Hult,  and  Noben  (1987)  not  only  affirmed  the 
degradation  by  native  microbial  consortia,  but  asserted  that  degradation  rates 
were  lowered  by  both  reduced  temperature  and  nutrient  limitations.  In  soils, 
the  influence  of  temperature  and  nutrient  availability  has  been  similarly  noted 
(Hahn  and  Loehr  1992).  Consequently,  it  is  reasonable  to  approach  bioreme¬ 
diation  of  organic-contaminated  CVWF  residuals  with  some  confidence. 

The  development  of  an  approach  to  biological  treatment  of  CVWF  residu¬ 
als  will  generally  require  a  four-step  approach.  This  approach  includes  a 
thorough  characterization  of  the  residual,  confirmation  of  treatability,  design 
of  a  treatment  scheme,  and  implementation.  While  this  approach  is  almost 
intuitive  for  the  environmental  engineer,  the  need  for  full  characterization  and 
confirmation  of  treatability  cannot  be  overemphasized. 
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Table  6 

Reported  Hydrocarbon  Degradation  Rates 

Contaminant 

Biodegradability  Indicated 

Source 

Diesel  Fuel 

Yes 

Wang  and  Bartha  1 990 

Jet  Fuel 

Yes 

Wang  and  Bartha  1 990 

Heating  Oil 

Two  Ring 

Yes 

Wang  and  Bartha  1990 

Aromatics 

Yes 

(t’'^  =  2  days) 

Park  et  al.  1 990 

Three  Ring 

Aromatic 

Variable 

(t’'^  =  1 6  to  50  days) 

Park  et  al.  1 990 

More  than 

Three  Ring 

Difficult 

(t''^  >150  days) 

Park  et  al.  1990 

CVWF  residual  characterization  must  be  broad.  Besides  a  determination 
of  the  contaminant  level,  essential  items  of  information  includes  total  volumes, 
structure,  bulk  density,  native  pH,  clay  content,  clay  type,  cation  exchange 
capacity,  and  organic  matter  content.  A  determination  should  be  made 
regarding  the  time  of  year  the  treatment  train  will  operate  and  the  associated 
geographic  location.  Following  characterization,  treatability  confirmation  is 
required. 

At  first  glance,  there  appear  to  be  many  approaches  to  bioremediation; 
however,  three  broad  categories  encompass  most  of  the  bioremediation  pro¬ 
cesses  appropriate  to  CVWF  residual  treatment.  These  three  approaches  are 
land  application,  in-vessel  treatment,  and  composting. 

Land  application  is  the  application  of  degradable  contaminant  to  surface  or 
the  subsurface  injection  of  degradable  organic  contaminant  into  the  soil.  To 
be  effective,  the  contaminant  organic  material  will  be  degraded  by  native 
microbial  bacteria,  given  the  availability  of  appropriate  nutrients.  Favorable 
economics  is  a  principal  advantage  to  land  application;  however,  there  are 
some  drawbacks.  These  drawbacks  include  a  lack  of  system  control  and  a 
risk  of  irrevocable  effect. 

In-vessel  systems  are  systems  in  which,  as  the  name  implies,  biodegrada¬ 
tion  of  the  contaminant  is  made  to  occur  in  some  type  of  tank  or  vessel.  In 
the  case  of  CVWF  residuals,  a  slurry  can  be  made  of  the  contaminated  mate¬ 
rial,  and  nutrients  will  be  applied  within  an  agitated  or  aerated  tank.  In-vessel 
systems  have  an  advantage  in  that  system  control  is  high.  For  example,  sam¬ 
ples  can  be  taken  during  system  operation  to  ensure  system  performance; 
nutrients  can  be  metered  directly  into  the  treatment  system;  and  operating 
parameters  can  be  changed  to  effect  an  operational  change.  Drawbacks  to 
in-vessel  systems  are  that  capital  costs  are  comparatively  high,  and  operators 
generally  need  to  be  well  trained. 

The  final  system  approach,  composting,  may  hold  particular  promise  for 
CVWF  residual  management.  Composting  is  an  adiabatic  and  aerobic  process 
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where  microorganisms  convert  organic  compounds  into  stabilized  materials 
within  a  solid  organic  matrix  system.  Unique  to  compost  operations  is  their 
exothermic  nature.  This  attribute  has  been  used  by  the  municipal  wastewater 
treatment  industry  for  15  years  as  a  dewatering  technique,  and  dewatering  of 
residues  is  a  major  need  in  CVWF  operations  (as  witnessed  at  Fort  Hood). 
Further,  there  remains  the  bioremediation  aspect  of  the  composting. 

During  the  past  two  decades,  composting  has  become  an  increasingly 
important  process  in  the  environmental  cleanup.  Until  the  last  10  years,  com¬ 
posting  was  considered  primarily  as  a  municipal  sludge  dewatering  and  treat¬ 
ment  method.  Presently,  composting  is  becoming  a  leading  bioremediation 
technology.  The  reasons  for  the  change  is  that  compost  operations  allow  for  a 
system  control  above  direct  land  application,  and,  in  general,  capital  costs  are 
comparable  with  in-vessel  costs;  but  the  finished  product,  cured  compost, 
often  is  a  more  desirable  end  product.  Drawbacks  remain,  however.  Because 
of  its  active  biological  nature,  composting  may  require  more  attention  on  the 
part  of  the  operator  than  direct  land  application;  system  control  is  not  as  direct 
as  with  in- vessel  systems. 

Specific  literature  citings  which  indicate  the  applicability  of  composting  to 
residual  and  soils  contaminated  with  hydrocarbons  are  widespread  (Snell 
Environment  Group  1982;  Hogan  et  al.  1989;  Yusuf  1991;  Adenuga  et  al. 
1992).  Composting  as  a  vehicle  for  biodegradation  of  oils  containing  waste 
solvents  has  been  reported  in  Europe  (Szabo  et  al.  1988). 


Disposal  Without  Treatment 

Disposal  alternatives  for  contaminated  CVWF  solid  residuals  will  be  dic¬ 
tated  by  the  type  and  level  of  contamination  present  in  the  sediments. 
Typically  two  alternatives  exist; 

a.  Landfilling  of  nonhazardous  sediments. 

b.  Disposal  in  a  hazardous  waste  facility. 

Contaminated  sediments  are  managed  by  placement  in  a  permanent  CDF. 

This  alternative  applied  to  CVWF  solid  residuals  would  likely  be  viewed  as 
operation  of  a  hazardous  waste  landfill  from  a  regulatory  standpoint  and 
would  be  subject  to  all  applicable  statutes. 

Beneficial  use  is  an  additional  disposal  alternative  for  uncontaminated 
CVWF  solids.  In  some  cases,  contaminated  sediments  may  be  suitable  for 
beneficial  uses  if  permitted  by  regulations  and  no  significant  adverse  environ¬ 
mental  effect  could  be  expected. 
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3  Recommendations 


Solid  Residuals  Management 


The  principal  concerns  with  respect  to  solid  residuals  management  are  as 
follows:  (a)  improvements  in  basin  dewatering  procedures  or  alternatives,  and 
(b)  a  systematic  approach  to  testing,  treatment,  and  disposal  requirements  and 
technologies  for  CVWF  residuals. 

A  summary  of  best  available  alternatives  and  recommendations  follows. 


Dewatering 

There  are  a  number  of  suitable  technologies  that  can  be  applied  to  dewater¬ 
ing  CVWF  residuals.  In-basin  technologies  are  desirable  because  they  elimi¬ 
nate  one  handling  step  and  are  inherently  passive  in  namre.  Operating 
limitations,  however,  particularly  the  amount  of  time  required  for  effective 
residuals  dewatering,  will  determine  the  feasibility  of  in-basin  dewatering. 
Dewatering  outside  the  basin  may  provide  the  highest  overall  system  effici¬ 
ency.  The  best  dewatering  alternatives  appear  to  be  one  or  a  combination  of 
the  following: 

a.  Improving  surface  drainage  so  that  the  water  level  can  be  quickly 
brought  down  to  the  level  of  deposited  sediment  without  carryover  of 
fluid  mud  (see  Design  Modifications). 

b.  Cleaning  sedimentation  basins  more  frequently  so  that  sediment  depos¬ 
its  are  more  shallow,  resulting  in  a  shorter  drainage  path.  Rate  of 
consolidation  occurs  as  the  inverse  of  the  square  of  the  distance  of  the 
drainage  path.  Cutting  sediment  depth  by  one-half  will  theoretically 
decrease  consolidation  time  to  one-fourth  of  present  levels.  The  same 
effect  can  be  achieved  with  provision  of  additional  vertical  drainage 
paths,  such  as  permeable  baffles  (sand  berms)  within  the  basin.  Verti¬ 
cal  drainage  panels  of  polypropylene  can  be  tried  for  in-basin  drainage 
to  see  if  dewatering  time  will  be  sufficiently  reduced  to  utilize  the 
method  in  basin. 
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c.  Using  a  sand  or  gravel  underdrainage  layer  within  the  basin. 

d.  Removing  sludge  from  the  basin  with  sludge  pumps  and  processing 
with  the  best  available  dewatering  technology  for  sediment  characteris¬ 
tics  and  site  conditions;  in  this  case,  sand  beds  appear  to  be  economical 
and  adequate  from  a  technical  perspective. 


Testing 

A  systematic  testing  approach  that  is  in  compliance  with  State  and  Federal 
regulations  should  be  implemented  to  guide  installation  environmental  coordi¬ 
nators  toward  appropriate  treatment  and  disposal  options. 


Physical/chemical  treatment 

Biological.  Continued  land  fanning  is  appropriate  where  regulation  and 
operational  stability  allow.  Composting  should  be  examined  as  a  method  for 
CVWF  dewatering  and  treatment,  especially  at  installations  with  sanitary  treat¬ 
ment  works.  Although  the  regulatory  environment  is  dynamic,  stabilized  bio¬ 
solids  from  the  sanitary  treatment  works  might  potentially  be  utilized  as  an 
amendment  in  the  compost  dewatering  system.  Currently,  WES  and  CERL 
are  working  jointly  to  develop  a  mobile  biocell  system  for  the  treatment  of 
hydrocarbon-laden  soils.  This  system  may  be  applicable  for  CVWF  residuals. 

Solidification/stabilization.  Solidification/stabilization  has  traditionally 
been  the  least-cost  treatment  alternative  that  has  demonstrated  application  to 
heavy  metals.  For  CVWF  solids  containing  heavy  metals  above  regulatory 
levels,  the  cost  of  solidification/stabilization  and  landfilling  of  stabilized  waste 
should  be  compared  with  the  overall  cost  and  effectiveness  of  the  other  treat¬ 
ment  technologies  available  and  subsequent  disposal  requirements  of  those 
technologies.  The  least-cost  alternative  meeting  regulatory  requirements  is 
expected  to  be  the  most  desirable.  The  applicability  of  this  process  will  be 
limited  by  the  presence  of  organic  contaminants,  oil  and  grease  (see  Table  5). 


Other  comments/recommendations 

Laboratory,  pilot,  or  field  testing  may  be  necessary  to  determine  which  of 
these  alternatives  are  most  feasible  and  to  select  appropriate  technologies. 

The  presence  of  contaminants  in  the  residuals  will  influence  the  suitability  of 
certain  of  the  alternatives,  such  as  land  spreading.  Residuals  containing  unac¬ 
ceptable  levels  of  contamination  will  have  associated  leachate  and  effluent 
waste  streams  that  must  also  be  addressed.  State  and  Federal  regulations  will 
determine  these  requirements.  Availability  of  space  is  also  a  determining 
factor  in  technology  selection,  particularly  for  land  spreading  and  sand  bed 
drying.  It  is  recommended  that  operational  changes  be  investigated  for 
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technical  and  economic  effectiveness  before  technologies  requiring  changes  to 
the  physical  plant  are  evaluated. 


Operational  Procedures 

It  is  recommended  that  operational  procedures  be  standardized  to  establish 
routine  evaluation  of  sediments  consistent  with  regulatory  requirements  and  to 
provide  for  regular  maintenance  and  cleaning  of  sedimentation  basins.  All 
systems  should  be  maintained  in  working  order.  Provision  for  disposal  of 
waste  oil  at  the  wash  racks  is  needed  to  prevent  illicit  disposal  in  the  wash 
water  and  subsequent  contamination  of  sedimentation  basin  sediments. 

The  following  operational  modifications  should  be  considered  and  evalu¬ 
ated  in  this  order: 

a.  More  frequent  cleaning  of  primary  sedimentation  basins. 

b.  Improvements  to  in-basin  drainage  by  addition  of  sacrificial  under¬ 
drainage  layer. 

c.  Intermittent  removal  of  wet  residuals  into  a  residue  management  basin 
or  sand-drying  beds. 


Design  Modifications 

The  flow  characteristics  of  the  primary  sedimentation  basins  at  Fort  Hood 
can  be  optimized  to  overcome  the  short  circuiting  presently  seen  as  a  result  of 
mounding  of  coarse  sediments  in  front  of  the  inlet.  Distribution  of  the 
influent  in  parallel  troughs  while  maintaining  sufficient  flow  velocity  to  pre¬ 
vent  occlusion  of  the  troughs  will  provide  better  distribution  of  the  flow  and 
sediment  deposits.  Where  adequate  secondary  settling  is  provided,  however, 
this  is  not  considered  to  be  a  critical  issue.  At  the  Fort  Hood  installation, 
improvement  to  surface  drainage  to  facilitate  dewatering  is  a  more  important 
consideration.  Three  alternatives  should  be  considered: 

a.  Replacing  sluice  gate  with  an  adjustable  weir. 

b.  Installing  adjustable  standpipes. 

c.  Modifying  trough  containing  perforated  pipe  and  gravel  drainage  bed 
to  minimize  occlusion  and  to  provide  surface  drainage  rather  than 
bottom  drainage. 

The  short  circuiting  seen  in  the  secondary  settling  basins  at  Fort  Hood 
should  be  addressed  by  relocation  of  the  outlet  further  from  the  inlet  or  by 
installation  of  baffling  to  impose  a  longer  fluid  flow  path. 
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Testing  and  Evaluation 


Field-,  bench-  or  pilot-scale  testing  of  selected  technologies  is  recom¬ 
mended  on  a  site-by-site  basis.  Priority  for  testing  and  evaluation  should  be 
established  as  follows: 

a.  In-basin  dewatering  alternatives. 

(1)  Operational  modifications. 

(2)  In-basin  dewatering  technologies. 

(3)  System  design  modifications. 

b.  Out-of-basin  dewatering  alternatives. 

(1)  Sludge  transfer  mechanisms  (pumps). 

(2)  Out-of-basin  dewatering  technologies. 

c.  Contaminant  treatment/stabilization  -  site-specific  testing  of  treatment 
systems/stabilization  methods  for  contaminants  of  concern. 
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